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Look twice 


At the Milton Roy 
Automatic Chemical Feed Controls 


They are available with infinite modifications to respond to all 
modes of control in any type of instrumentation system for 
continuous process streams. They provide chemical feed 
control through manual or automatic motor speed or plunger 
stroke length adjustments. For more complex systems, each 
adjustment can respond to a different variable. For example, 
while speed varies from 0 to 100% with main line 

flow changes, stroke length adjusts from 0 to 100% to meet 
process pH requirements. 


Up to ten liquid ends can be connected to one variable speed 
drive. Each liquid end has its own stroke adjustment. 

With these controlled volume pumps, ten different chemicals 
are metered in any needed ratios. As process stream flow 
increases or decreases, the single drive will respond accordingly 
to keep all feeding ratios constant. But take another look . . . 
all of this flexibility in chemical feed controls is available 
while maintaining accuracies of better than +1 percent. 


When turning to automation to increase your profits, look to 
Milton Roy Company, 1300 East Mermaid Lane, 
Philadelphia 18, Pa. Engineering representatives throughout 
the world. 


Controlled Volume Pumps * Quantichem Analyzers 


Chemical Feed Systems « Anders Air and Gas Dryers CHEMICAL INSTRUMENTATION SYSTEMS 
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New Thermocouple 


Measures Up To 3600° F. 


Without Water or Air Cooling 


Designed For Jet Engine Afterburners, Ramjet and Rocket Exhausts 








A new, high temperature thermocouple 
probe, developed by Thermo Electric, 
promises to solve several serious prob- 
lems of airborne or test stand tempera- 
ture measurement. This probe was 
designed for use in the high velocity 
gas streams of jet engine afterburners, 
and ramjet and rocket exhausts. The 
key to its performance is a cermet 
(ceramic-metal combination) support 
tube and radiation shield. 

This support tube replaces the need 
for water or air cooling. As a direct 
result, conduction errors due to cooling 
are eliminated and radiation losses to 
cold duct reduced about 
60%. Other disadvantages of water 
cooling—water supply, conduit, addi- 


walls are 


tional space needs, and other installa- 
tion difficulties, are also eliminated. 
Equally important are the probe’s con- 
ductors—Platinum 6% Rhodium /Plat- 
inum 30% Rhodium up to 3000°F. and 
[ridium/Iridium Rhodium up to 3600°F. 
Thermo Electric’s initial objective with 
this probe was a life in excess of five 
hours at temperatures of 3000°F. or 
higher. It has already been tested at 
3000°F. in a Mach | gas stream for |! 2 
hours without failure. Tests are still 
under way to determine the ultimate 
operating limitations of the probe’s 
structural elements. 


Other Applications 


Possible applications of this type of 


unit, however, are much wider in 
scope. Both construction and conduc- 
tors can be varied to meet a great 
variety of temperature measuring prob- 
The itself, for 
example, can be formed to almost any 


shape. Other tube materials are also 


lems. support tube 


being investigated. 

If you'd like further information on 
this thermocouple and how it can be 
adapted to your particular needs, con- 
tact Thermo Electric. Its development 
is typical of T-E’s continuous progress 
in the field of high temperature meas- 
urement. Our extensive research and 
engineering facilities provide a com- 
plete service for the aircraft industry. 
Call on us. The answer to your prob- 


lem may be waiting for you. 


“‘Progress 


That Anticipates Progress”’ 





Thermo Electric 6.c 
SADDLE BROOK, NEW JERSEY 


In Canada 
THERMO ELECTRIC (Canada) LTD. 
Brampton, Ontario 
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Sd HELI-ARC WELDED . . . The first successful application of heli-arc welded bellows 
assembly provides a 100% effective leak-proof flow meter. All bellows are SEA\\ Model 800-6 Indicator 
and are available in choice of type 316 stainless steel or monel. 


PROVEN IN FIELD USAGE... N NE failure reported on any |. |. C. bellows 
meter in nearly one full year of extensive field use under the most exacting condi- 
tions. |. 1. C. meters are temperature compensated, have no phase shift, and require 


no mechanical balancing. 


REDUCES INVENTORIES . . . A single |. |. C. bellows meter unit can be used to 
obtain all four pressure ratings . . . 1,500, 3,000, 5,000, and 6,000 psi. . . Cuts down “a 
on expensive meter inventories . . . Another I. |. C. exclusive. Model 700-MT Transmitte 


Flow Meter protected by U. S. and foreign patents issued; other patents pending 


INDUSTRIAL INSTRUMENT CORP. 


8400 RESEARCH ROAD, AUSTIN, TEXAS 


, : : Model 802-Recorder 
®) Write for catalog 56-B8-2 for detailed information. 


November 1958 For More Data CIRCLE 6 on Inquiry Card 











WHAT’S NEW 
——— IN The INDUS "4 


Out In The Wild Blue Yonder 


Politics & Missiles 


Sales Trends Mixed 


North American aviation reports good progress on the X-15—, Ie 
ket powered half-plane, half-missile, scheduled to take man on 
first trip into outer space and back again. Designed for the Ugap 
Navy and NACA, the pencil-thin ship will be fired by its own pp, 
kets as a missile, to coast in a ballistic curve like an artillery she 
at 3600 mph up to 100 miles above the earth. Major tests are sched. 
uled for February ’59. 

Wright Air Development Center awarded Lear a contract to Study 
requirements for manned space flight and, on the basis of that pm 
search to design and build a model space vehicle crew capsule, } 
will be part of a 500 ft. diameter wheel-shaped space station to 
placed in orbit 20,000 miles above the earth. 

Westinghouse scientist Dr. T. C. Tsu stated during a recent specig 
news conference that we can sail into outer space on a sunpowerej 
craft. He describes the vehicle as a 1600 ft. diameter dish-shapg 
sail less than one ten-thousandth of an inch thick, with a suspendej 
sealed gondola. The 800 pound craft could propel a 1000 pound py. 
load by an old theory—that sunlight exerts a minute amount 
force when it shines on an object. Who volunteers as the first “sail. 
or” to Mars? ° 


Inter-agency rivalry and lack of clear cut definition of responsibil. 
ties continues to plague US missile programs. The latest storm wa 
stirred by the new National Aeronautics and Space Administratio 
when it asked the Army to surrender its major missile scientist 
and facilities to the new agency. The proposal would require tum 
over of 2,100 space scientists and engineers at the Army’s Redstonm 
Arsenal plus all personnel and facilities of the jet propulsion lab ¢ 
Los Angeles. Redstone’s General Medaris has moved to the Whit 
House in an effort to stall the change. Until Dec. 31st the President 
can direct levies on the military agencies for the space agency. After 
this time, Congress would have to approve any such transfers. 
a 


While recent signs point to a continuation of general business re 
covery, sales and profits in the instrument industry show mixei 
trends. In general new orders are topping shipments, but large et 
penditures for research and development have cut into 1958 earnings 
Burrough’s Electro Data Division set a new sales record in the las 
week of September—3 million in electronic computer orders. 
Perkin-Elmer 1957-1958 sales were 18% greater than previous yeals 
totaling over $15 million, earnings per share were up 25% to $14 
and order backlog is at $9 million. 
Beckman Instruments recorded a new sales high of $39.8 million fm 
fiscal 58, but reported a loss of 70¢ per share in earnings. 
Leeds & Northrup report a 15% drop in fiscal ’58 sales to $33.1 mil 
lion and a drop in earnings to $1.35 per share compared to $2.37 it 
previous year. 
Hewlett-Packard sales for first nine months of fiscal 58 were & 
about 5% to $21.7 million, but income per share dropped 7¢ to 52¢ 
HP recently acquired 80% of outstanding stock of F. L. Moselej 
Co., which will continue to operate as an independent company. 
Manning, Maxwell & Moore sales in first six months of ’58 fell $4: 
million to $24.3 million. Profits were down with Industrial Controb 
Division showing a loss. 
Statham Instruments earnings per share for quarter ending Augus 
dropped to 1/3 those of same period last year, while sales increase 
by almost 10% to $1.2 million. 

(Please Turn to Page 10) 
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“Hand size” control valve 
for all corrosive applications 


Inexpensive and highly dependable. 














Available in globe or angle body 
single port construction. 


Fisher now offers the low cost, dependable “BA” angle 
body and the “B” globe body valves for use on heavy 
duty applications involving corrosive liquids. Bodies are 
machined from 316 stainless steel bar stock, or other 
alloys such as Monel or Hastelloy. Either body can be 
supplied with Type 510 spring open or Type 511 spring 
closed diaphragm actuator. Normal diaphragm range 3 


to 15 psi. 





Type 511-BA valve with angle 


Type 510-B valve with globe body 
body and a union nut bonnet. 


and bolted bonnet construction. 





CONSTRUCTION AND SPECIFICATIONS 





Valve Body Sizes 14” 34” and 1” only with screwed end connections. 
Inner Valve Micro-flute or Micro-form. 

14”, 34”, 19” and 5,” for the 1” size body. 

Orifice Sizes 14”, 34” and 14” for the 34” size body. ; ; 

14” and 3%” for the '5” size body. For complete information 


write for Bulletin 57 B. 


Max. Body Pressure 1500 psi at 450° F. 
Overall Dimension  « apaag— a Re with the Type 510 or Type 511 topwork on either a 














) IF IT FLOWS THROUGH PIPE ANYWHERE IN THE WORLD... CHANCES ARE IT'S CONTROLLED BY. . . 
FISHER GOVERNOR COMPANY 


Marshalltown, lowa / Woodstock, Ontario / London, England 
CONTINENTAL EQUIPMENT CO. DIVISION, Coraopolis, Pennsyivania 





SINCE 1880 
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WHAT’S NEW IN THE INDUSTRY (Con’t. from page 8) alll 


Productivity Increases 


Superconductivity 


Research Is Big Business 


Mergers & Expansions 


New Contracts 








Official figures show today’s 11.9 million workers turn out 35% more 
goods than 12.7 million workers did in 1948. In recent months egy 
ployment rose 6% while production jumped almost 9%. Moreoyg 
the economy has considerable excess productive capacity while yu 
employment amounts to about 7% of the labor force. The expee 
demand for goods in 1959 apparently will not fully utilize our 
ductive resources. 





Westinghouse research on uranium alloys resistance has disclosed 
new group of substances called superconductors—‘materials wif 
ability of permitting an electrical current once started in them, @ 
flow in undiminished strength forever.” The alloys contain mange 
nese and iron. At temperature near absolute zero their electrigg) 
resistance suddenly drops to one-millionth of one billionth of theig 
normal values. If this behavior can be made to occur at reason@ 
high temperatures, there are unlimited possibilities. Superconductog 
are beginning to find application in midget computers for miseil 

& 
“We must adopt the organization and management of our mili 
research and development to keep pace with the rapid changes 
military technology’—Dr. James R. Killian, Jr., Chm. Science A 
visory Committee to the President. “Research and development 
now a big business in itself ... it has a pronounced effect on 
economy .. . 1958 R & D expenditures will be about $10 billion, 
resenting 2.3% of the predicted gross national product”—C. W, 
Pierre, V. P. General Electric, Atomic and Defense Group. 

& 4 
Thompson Ramo Wooldridge, Inc. is the new name of merged parent 
Thompson Products and its affiliate Ramo-Wooldridge. Effective 
Oct. 31st, the new firm will have assets exceeding $200 million and 
employment of more than 20,000. 
RCA dedicated its new missile electronics and controls department 
plant at Burlington, Mass. on Oct. 22nd. It will integrate research, 
development and manufacture of missile and control systems. 
International Telephone & Telegraph announces consolidation of its 
Federal Telephone & Radio division and the Farnsworth Electronics 
Co. Operations will continue at both Clifton, N. J. and Fort Wayne, 
Ind. 
General Precision Equipment Corp. has renamed Askania Regulator 
Co. to GPE Controls, Inc. The new organization brings three subsid: 
ary companies—Librascope, Kearfott, and Link—into closer affilie 
tion with Askania to offer one source for the complete control-com 
puter package; process control systems, sub-systems, data-logging 
and control computers, computer components, hydraulics, servo sy* 
tems, test equipment and process simulation. 
Cohu Electronics has signed licensing agreements with Solartros 
Electronics of England, with Solartron manufacturing Cohu products 
for foreign markets. First items will be Kin Tel equipment. 

6 
Swartwout has been awarded a $1/4 million contract for contrd 
equipment going in Esso’s new 100,000 barrel capacity refinery #4} 
Rotterdam, Holland.. 
Ford Instrument has $7.4 million Navy contract for production @ 
computers for Tartar missile. 
Two USAF contracts totaling $3 million go to RCA for developmetl 
of semi-conductor materials operating at temperatures exceedinf 
400°C. 
CDS Control Service has been awarded two contracts by G.E. for 
transonic cascade control system and surge control systems for fivt 
test compressor facilities. 
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Super 7@Q)'s “On Stream" 
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cid This natural gas metering station feeds 100 MMSCF BS&B Super 70 Diaphragm Control Valves 
filis of gas per day to a large Gulf Coast Refinery. If it were with Clamp Ring—Float Ring Body Closure. 

necessary to shut down the station for repairs, operation 
= of the refinery would be seriously impaired 
ging BLack, 
Sys That’s why engineers who designed the station wanted 
to be absolutely sure the control valves would function SivaL_s & 

tron roperly day in and day out under all operating condi- 

: — a a BrvsoOn, Inc. 
jucts tions. 

; A Ln Controls Division, 
Because of their superior performance characteristics Dept. 4-EH11 

f and rugged dependability . . . and because of BS&B’s repu- a me 12th Street 
trot tation for quality products and dependable service in the art aes ay: eee 
y a oil industry...BS&B Super 70 Control Valves were 


selected. Now “on stream”, they are performing well in 
{5 
1 OF every respect. 


BS&B Super 70 Valves are available in a complete 
ling range of sizes... with either clamp ring—float ring, or 
flanged—-gasketed body closures. Specify them on your 


next job! 
or a 


Five 
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not JUST 


‘\THERMOCOUPLE 


“e 


4 WIRE...it’s 





Uniform calibration year after year is an 
important bonus realized with Serv-RITE 
thermocouple wire. Gordon has insured 
this unusual accuracy by the most careful 
advance selection of all bare wire stock to 
close thermocouple specifications. From a 
very large stock of bare wire, wires are 
matched to have a minimum departure from 
the standard curve. 

With several hundred insulation combi- 
nations applied in Gordon’s own process- 
ing plant, Serv-Rite is the most complete 
line of thermocouple and thermocouple 
extension wire. 

Give Serv-Rite a trial on your next ther- 
mocouple wire requirements. There’s noth- 
ing better. Serv-RiteE is really a premium 
wire at no extra cost. 


| 
| 
Write for Bulletin No.1200 | 
for specifications and data on SERV-RITE | 
Thermocouple Wire and Extension Wire. | 


7154 


CLAUD S. GORDON CO. 


Manufacturers+ Engineers Distributors 





Illinois 
Ohio 


623 West 30th Street, Chicago 16, 
2011 Hamilton Ave., Cleveland 14, 
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INSTRUMENTATION 
FOR THE BETTER LIFE 


Excerpts from a speech to ISA’s Executive Day 
by HENRY B. duPONT 
Vice President and Director 
E. I. duPont deNemours & Company 
Philadelphia, Pennsylvania, September 1958 


It is appropriate that Philadel- 
phia be the scene of the meeting and 
exhibit of the Instrument Society of 
America this week. For the excit- 
ing prospects of the future in auto- 
mation are similar to those at an- 
other great Philadelphia exhibition 
82 years ago. In 1876, the Philadel- 
phia Centennial Fair, with its theme 
of “Power”, offered a notable ex- 
hibit of the mechanical arts which 
was to have far-reaching signifi- 
cance upon American technology. 


The Power Revolution 


Among the wonders shown was 
the great Corliss steam engine, lar- 
gest built to that time; the steam 
hammer which could crush more 
rock in one stroke than a whole 
squad of men could break in a day; 
a huge bevel gear-cutting machine 
which employed great power with 
what for those days was delicate pre- 
cision. 

That 1876 Philadelphia Centen- 
nial symbolized to our nation that 
the simple agrarian economy of the 
first hundred years was over: that 
the future lay in development of 
power machinery which could mul- 
tiply the efforts of each man a hun- 
dred fold. 


The Control Revolution 


Today, we are on the doorstep of 
another era of equal significance. If 
the latter half of the 19th century 
were the age of machines, the latter 
half of the 20th century may well be 
designated as the age of instrumen- 
tation — the age in which we de- 
veloped machines to operate ma- 
chines, and to operate them more 
skillfully and more efficiently than 
ever before. 

As yet, there is little popular un- 
derstanding of what is meant by 
instrumentation, and what it has 
contributed to industrial develop- 
ment. It may be necessary to create 




































a new term which will describe the 
function with greater clarity. Per. 
haps the whole field would be un. 
derstood better if the average per. 
son understood how essential instry- 
mentation is, even in daily life. 


Measurement: A Universal Language 


Instrumentation is actually the 
outgrowth of the blending of sci- 
ence and industry. Instruments are 
essentially devices used for meas- 
urement: a physical phenomena in 
terms of quantitative record — 
which is the essence of science itself. 
Measurement, in a way, is a univer- 
sal language through which men of * 
many tongues find a common meth- 
od of communication, and in this 
language much of the world’s history 
has been written. It might be said 
that civilization really began when 
common units of measure came to be 
generally adopted. 

Today, we have extended inves- 
tigation into startling and amaz 
ing new worlds. For example, we 
have the means of measuring such 
delicate matter as metabolism of the 
human body, electrical brain waves, 
and the tiny electrical impulses) 
which precede each heartbeat. In 
struments now can identify and} 
classify the free radicals whose li 
span is reckoned in fractions of one} 
billionth of a second. To control thé 
various properties of materials like 
nylon, polyethylene, and neoprene, 
we now have the means of charting 
and spacing their molecules. We 
have achieved through scientific it 
struments whole new standards @ 
precision and sensitivity. We now 
can gage vacuums so complete thi 5) 
they are computed to one-trilliontl ‘ 
of an atmosphere. There are insttt 





ments so sensitive as to detect #@ODIFIE 
leak that would take 25 years aie 
pass a single cubic centimeter of al. pe 


A standard auto tire with such# 


. ‘ Ddificatio 
leak still would be reasonably firm 4 jet-eng 
after 900,000 years! ed syster 

(Please Turn to Page 30) 
ISA Journ} N 









a-MOST PRECISE AND VERSATILE 
ie for critical data acquisition and processing where 
best wide dynamic range and precise amplitudes are required. 
be ‘ations are data telemetry, dynamic tests on engines, 
“nents and vehicle structures, and continuous-path machine- 
oe ol, The Ampex FR-100A has superior performance in respect 
low D-C drift, wide frequency response and precise time- 

gene (with Servo Speed Control). Construction is modular 
interchangeable. Numerous standard accessories are available. 
+ physical specifications: Six tape speeds 1% to 60 ips 
| overall ratio); 104 or 14-inch maximum reel size; %, 4 
Linch tape; 2 to 14 tracks; plug-in amplifiers for Direct, FM- 
“- PDM, and NRZ-digital record and reproduce; recorder fits 
or more 19-inch rack cabinets. 
9.1100-ADAPTABLE AND ECONOMICAL 

i instrumentation recorder recommended for general- 
laboratory use, spectrum analysis, vibration testing and other 
applications. The F R-1100’s tape mechanism is of a sim- 

design. Accessibility of components for replacement or 
js extremely good. Modular construction makes it readily 
to new or special problems. Very wide speed ratios are 
Jable in a multirange version. 
gret physical specifications: Four speeds in 2-to-1 steps; eight- 
multirange option provides speed ratios as high as 100 to 1; 
inch reels; Y or ¥2-inch tape; 2 to 7 tracks; same plug-in am- 
as FR-100A; fits 19-inch rack cabinet. 


1100—-CONTINUOUS LOOP 














































e the FL-100 loop recorder provides three different capabilities: 1) cy- 
Per- repetition of short tape sections for analysis, 2) continuous time 
* UN- [yy of a stream of information and 3) endless monitoring for ca- 
per- sity anticipation. Length of loop is continuously variable between 
stru- tjsimum and maximum values, giving cycling times ranging from 
e, 733 seconds to 8 minutes on various speed and loop-length options. 
physical specifications: Four speeds in 2-to-1 steps or 
idt-speed multirange drive with same options as FR-1100; loop 
ge from 3’ 8” minimum to 25, 50 or 75-foot maximums; 4%, ¥2 
inch tape; 2 to 14 tracks; same plug-in amplifiers. 
the B-MOBILE AND AIRBORNE 
= ly improved version of the world’s most widely used mobile in- 
} are tation tape recorder. The 800B records flight-test data and 
1€8S- sbrmation acquired in “aerial observation” and also does mobile 
a in ice on the ground. In compact packaging, the Ampex 800B pro- 
d — fiks virtually the same recording capabilities as Ampex’s larger 
self, loratory-type recorders. In addition, it withstands shock, vibration, 
ver. and low ambient temperatures and high-altitude air pressures. 
n of Plef physical specifications: Record only; any of four speeds 
eth- able; plug-in amplifiers for Direct, FM-carrier or PDM record- 
. i; 10%-inch reels; 4%, Y2 or l-inch tape; 2 to 14 tracks; compact 
bes. le-connected assemblies fit small available spaces. 
tory 
said s 
=e Ampex specialty 
o be 
ves- 
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| PPOCIFIED RECORDERS AND SPECIAL SYSTEMS 
oe" regular Ampex models can be furnished with special tape 
aif, . reel sizes, front-access mountings, head switching sys- 


ms 


Special Performance, system buildups, etc. Ampex has a large 
rs tion engineering section thoroughly experienced in this work. 
}° Jet-engine test dolly pictured is an example of an Ampex-devel- 

ed system. It includes an FR-100 recorder, preamplifiers, monitor- 
Scopes and calibration equipment mounted ruggedly for rolling or 
ung anywhere in a widespread facility. 
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FR-300 


FR-300 — HIGH-SPEED DIGITAL 

For reading or writing of digital magnetic tapes, the FR-300 offers 
transfer rates as high as 90,000 alpha-numeric characters per second. 
It is the first digital tape handler to match the majority of big elec- 
tronic computers both in speed and in reliability of bit reproduction. 
Start and stop times are less than 1.5 milliseconds greatly reducing 
buffer requirements. Ampex furnishes complete digital tape systems 
including tape handler, magnetic heads, amplifiers and special Ampex 
Computer Tape. 

Brief physical specifications: 150 ips tape speed; 10-inch 
reels; ¥2 or l-inch tape; 7 to 16 tracks; control of all functions by 
computer command, also optional local control; read and write elec- 
tronics will accept and read out digital information in any of a variety 
of forms; complete equipment fits one 19-inch rack cabinet. 
FR-400 and FR-2OOA—AUXILIARY DIGITAL 

For lesser computers and such auxiliary digital equipment as con- 
verters, printers, etc., these Ampex digital tape handlers provide a 
wide range of transfer rates to match any particular need. The Ampex 
FR-400 uses many of the high-performance components developed for 
the sensational FR-300, hence is a very heavy-duty tape handler with 
tape speeds up to 75 inches per second. 


Brief physical specifications: Tape speeds up to 75 ips; 10%” 
reels; ¥2 or l-inch tapes; 7 to 16 tracks; remote and local controls. 






Ampex can send you comprehensive lit- 
erature and specifications on the various 
models shown and also a 16-page brochure 
on principles and applications of mag- 
netic-tape instrumentation. For any of 
these items, write Dept. | -58BG. 














INSTRUMENTATION DIVISION 
860 CHARTER STREET - REDWOOD CITY, CALIFORNIA 
Phone your Ampex data specialist for persona! attention to your recording needs. 
Offices serve U.S. A. and Canada. Engineering representatives cover the free wold, 


AMPEX 
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BAFLO ACCESS — 


IN ANALOG DATA REDUCTION SYSTEMS 


4 Job Creation—Not Destruction 


Although automatic control, made 


Q possible by modern instruments } 
9 saves labor, it is not primarily a Ja. 
Three companion units by Hycon Eastern provide auto- bor-saving device. Without it, many 
nae ; k G of our more intricate industria] pro. 
matic indexing and high-speed access to selected data 3 cesses could not operate at all. my 











es 23 685 - = > eh @5 =e 


in multi-channel magnetic tape instrumentation systems. Instrumentation, as we know it to. 
day, represents no new monster to 
be feared from the social viewpoint, 


. It is a logical and evolutionary ey. | 1 
Zor Tame Indexing tension of our technology; a force 


which brings together machinery 
DIGITAL TIMING GENERATOR, MODEL 201, gener- and equipment, skills and tech. 





ome 








ates numerically coded timing signals which are niques, men, money, and methods, I u 
recorded on magnetic tape throughout the data signifies not job displacement, but t 
recording periods, providing a precise digital job opportunity. a 
index in terms of elapsed time. The Generator We have met our production needs 7 
also visually displays the exact time in hours, only by placing at the disposal of : 
minutes and seconds as illuminated digits. the worker complex and _ intricate D 
equipment. However, the major st 
DIGITAL TIMING GENERATOR, MODEL 206A, FOR — cisnificance of the entire instrumen. | 1 
AIRBORNE APPLICATIONS is a militarized ver- tation development is not scientific t 
sion of Model 201. A Remote Control Box but social. Its successful expansion th 
contains Power off-Standby-Operate Switch, will in very large part determine ir 
the Digital Clock Set, and the Time Display. what kind of a world we will live in st 
Completely transistorized, Model 206A in- 20 years hence — whether we ad- of 
cludes a binary coded decimal system al- vance in accordance with our 
though other timing formats are available to meet customer requirements. dreams, or retrogress through our a 
Weighing only 15 pounds, Model 206A is stable to 1 part in 100,000 giving an inability to meet our demands. m 
accuracy of + 1 second in | day’s time. The kind of society we have is y' 
closely linked to our capacity to Pp 


produce. In the middle of the past Pp 


Gar Tape Search century, when production was low, , 


the average American youngster at- 
























































MAGNETIC TAPE SEARCH UNIT, MODEL 202, operates dur- tended school for less than Six years, re 
ing data reduction periods. On the basis of time indices At the other end of life, the ques 7 
recorded on the tape by the Digital Timing Generator, tion of retirement was, for the aver- 
eee ; ; : age person, a remote dreamland re- pe 
this instrument automatically locates and selects for served for merchant perineal os 
controlled playback the tape data included between a average worker in the last century, e) 
“sequence start time” and a “sequence end time” spe- for example, assuming that he lived pe 
cified by panel dial settings. The time index is visually out the proverbial three score and 
displayed as illuminated digits on a small separate ten worked for 56 years, laboring 70 su 
panel which may be remotely located for convenience. hours a week, 52 weeks a year, ora lit 
Model 202 may be modified to search for timing for- total of some 200,000 hours. Today's ve 
mats other than those originated by Model 201. average worker spends some th 
years on the job and with shorter lo 
hours, vacations, and early retire m 
ment, his working life adds up t te 
90,000 hours, or less than half of the Ww 
: time put in a century ago. 
a Toward A Better Life “ 
Today, our aspirations for our m: 
GS 7 7 vs | selves and children have led us to2 in 
| far different way of life. We have fo 
elected to dedicate a part of the ar 
WIND TUNNEL TESTING JET ENGINE TESTING MISSILE AND AIRCRAFT TESTING | gains received from advancing tech sh 
Pressure and temperature data Digital Timing Generator, Model 206A generates timing | nology to shortening the period or 
of missiles are referenced to Model 201 synchronizes all signals simultaneously with each end of our working lives. Ou | 
angle of attack. Model 201 data receiving equipment. Its other flight test data. Model children are in school] for 12 yeal’, th 
records on tape a digitized output can be piped to mul- 201 generates a timing code | and a large and increasing number ly 
position signal for each new tiple test cells and control format for synchronizing | of them for four years longer, or evel vic 
angle of attack. rooms simultaneously. ground station recordings. more. A substantial number of S sik 
, , , , eople retire at 65, and many at 0. du 
Write for Technical Bulletin TSG With a working force of some 65; na 
000,000 and a population of some no 
HYCON EASTERN, INC. 180,000,000 each employed person 
today, regardless of his personal sit ou 
uation at any period, is supporting the 
75 Cambridge Parkway Dept. Y Cambridge 42, Mass. himself plus two other persons. ou. 
In terms of production only, tht the 
For More Data CIRCLE 23 on Inquiry Card pcaaiceeaiiaaiees telat must pre en 
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h to sustain, in addition 


ide enoug 
eis own work forces, the large 
and growing army of people whose 


‘ons are in the nature of serv- 
oe professions, the so-called 
maintenance trades such as the ga- 
rage mechanic and the paper hanger, 
and those engaged in personal care 
as represented by the barber and 
the cleaning and pressing shop. 


The Challenge to Automation 


If our standard of living continues 
its present rate of increase, each of 
ys 20 years hence will require of 
the economy the equivalent in goods 
and services double that which we 
use today. If we are to reach such 
a goal, productivity must increase to 
a similar extent. Since every em- 
ployed worker today supports him- 
self and two others, this would 
mean that, in 1978, he would have 
to produce at current levels twice 
that amount, or enough to support, 
in addition to his own doubled con- 
sumption, the equivalent of four 
other persons. 

How can the necessary increase be 
achieved? Certainly not through 
more human labor. In the next 20 
years, the total population is ex- 
pected to increase by perhaps 40 
percent. The population of working 
age, however, will increase by less 
than a third; these are people al- 
ready born and, therefore, subject 
to count. The labor force in manu- 
facture and agriculture, with more 
people going to college than ever 
and more going into service work, is 
expected to increase less than 20 
percent. 

Longer hours could conceivably 
supply additional output, but we re- 
linquish our gains in leisure time 
very reluctantly. It is inconceivable 
that the trends toward shorter hours, 
longer vacations, and early retire- 
ment will be reversed or that the 
tendency toward longer education 
will be any the less. 


If technology does not keep ad- 
vancing, then we will have to sacri- 
fice somewhere. We will have to 
make sacrifices either in leisure time, 
in the number of persons available 
for services, or in our living stand- 
ards. We cannot make headway by 
short-changing one side of our econ- 
omy at the expense of the other. 


You may quarrel as you wish with 
the figures, and some are admitted- 
ly Speculative. It is perfectly ob- 
vious, however, that the only pos- 
sible means toward achieving pro- 
duction objectives in line with our 
national aspirations lies in our tech- 
nological development. 


In modern instrumentation lies 
our hope for the extra hands to do 
the work, the extra effort to make 
our work effective, the extra energy 
that will be needed to power our 
entire economy to the better life. 
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__._ TIMING SYSTEM... 1759 





This is a view of the works 
of John Harrison’s marine 
chronometer with which he 
won a £20,000 prize from the 
British Government. Using 
this historic timepiece, navi- 
gators were able to determine 
a ship’s longitude to within 
half a degree after six weeks 
at sea. 


AN INTEGRATED SYSTEM 
FOR TODAY’S TIMING NEEDS 


F cee al 


Ne amass. eam a Neciiiee 7 te pean f 


The Hycon Eastern Ultra Stable Oscillator, the heart of 
the Integrated Timing System, is guaranteed accurate to one 
part in 10° and exceeds this accuracy in practice. 


In the Hycon Eastern Integrated Timing System, solar or 
sidereal time is displayed visually and is available for input to 
automatic computers and indexing data with many types of 
recorders . . . magnetic tape, oscillograms, photographs and 
strip charts. Furnishing a time scale with resolutions available 
to one microsecond, this system, capable of operating anywhere 
in the world, is ideally suited for tracking and control of missiles, 
astronomical measurements, and navigation systems. Write for 
Bulletin TS-00. 


Tomorrow's Timing Systems ... Today 









HYCON EASTERN, INC. 





75 Cambridge Parkway Dept. Y Cambridge 42, Mass 
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modelhece* Mie Lae 
For the precise | © “OW | ALUMINUM CASES 


—+ Liquid Level 
measurement of | Differential Pressure FOR INDUSTRIAL AND MILITARY USE 


LOW DIFFERENTIALS... | (0-40” W.C. to 0-400 psid PRECISION-MADE TO SPECIFICATION 


HIGH STATIC PRESSURE... | (up to 6000 psig 


BARTON Differential Pressure 
Flow Meters provide critical 
information inresearch and. 
development, and in the test- ? 
ing of jet and rocket engines 
and components, insuring 
Successful missile and rocket 
performance. Here, among the 
complexities of test equip- 
ment, BARTON flow instru- 
ments offer a high degree of 
accuracy and dependability, 
plus simple application, 
maintenance and installation. 





MILITARY CASES 


(per Joint Military Specifications) for Air Force, Navy, 
Army and other military branches’ applications. Halliburton 
Series 120H. 
Water-air tight, shockproof. Available in all sizes. Reusable 
storage, shipping and carrying cases for Aerial Cameras, Aero 
logical Equipment, Electronic Controls, Radio Devices, Navi- 
| 


Model 226 A 224 SERIES gation Instruments, etc. Requires no special packaging or 


INDICATOR - INSTRUMENT crating. 





INDUSTRIAL 

and 
MILITARY 
CARRYING CASES 





Available in other models 
with 224 actuation; 





Weather tight—lightweight. 
Available in various sizes, 
complete or without interior 
details to your specifica- 
e Recorders : tions. Series 100X. 

‘i Applicable for enclosure 
e Flow Switches ag of Electronic Controls, 
: Radio Devices, Cameras and 
for further information Equipment, Aerological 
Equipment, Navigation 
Instruments, Medical 
Apparatus, etc. 


e Indicators 


e Transmitters 





request Bulletin 224-1 


For further 
information write to 


=F A RRR 8=60 ALLIBURTON, INC. Dept. MAL 
Mn ee eee nt ee ee 4724 South Boyle Avenue, Los Angeles 58, Californit 
Representation in principal cities in the U.S.A. Telephone: LUdlow 8-318] 


and all over the world. 
For More Data CIRCLE 25 on Inquiry Card For More Data CIRCLE 26 on Inquiry Card 
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What do you expect of tomorrow’s automatic control systems? If you are 


looking forward to the advantages of computerized control systems . . . greater 
reliability in signal transmission . . . further localization of the control function, 
t: with centralized supervision . . . better response of final control elements . . . 


_ then for you tomorrow is already here. 


; GPE CONTROLS, Inc. brings to industry computer controls, components, 
eer and greater understanding of system dynamics — offered by several subsidiary 
Meeat-“companies of General Precision Equipment Corporation: Librascope for digital 
data-logging and closed-loop computer systems and associated components; 
Kearfott for high-performance hydraulic components and controls; Link Aviation 
for analog computer controls, product service, and manufacturing capabilities; 
Askania for more than 25 years of dealing with the control problems of industry. 
GPE CONTROLS, Inc. welds together all these industrial control capabilities 
and makes them directly — and immediately — available to you. 
Why not see what the engineers of GPE Controls can do for you? You'll be 
‘ seeing this nameplate on the most exacting control-computer installations — 
soon and often. 


4 ” - Lcd 
Pier ys 
“4 Executive Offices and Midwest Regional Headquarters 
240 East Ontario Street, Chicago 11, Illinois 


Eastern Regional Headquarters and Hydraulics Division 
1500 Main Avenue, Clifton, New Jersey 


Western Regional Headquarters 
40 East Verdugo, Burbank, California 





...serving industry through coordinated precision technology 
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in-, 


the 
~ Crowd? . 


...Not at 
D ndi-Bacibic 


in Southern California! 





We have important career positions 
open NOW at all levels in our small 
engineering groups. At Bendix-Pacific 
we encourage and promote the full use 
of your talents—you can realize your 
potential in tomorrow’s technology. 


If you are qualified in one of these fields 
MISSILE GUIDANCE 
TELEMETERING 
AIRBORNE RADAR 
MISSILE HYDRAULICS 
& MARINE HYDRAULICS 
SONAR 
& ANTI-SUBMARINE WARFARI 


Please write W. C. Walker your qualifications 
or fill in the coupon and mail it today. 


W. C. Walker, Engineering Employm’t Mgr. 
Bendix-Pacific, Bendix Aviation Corp. 
1161U Sherman Way, No. Hollywood, Calif. 


| am interested in (check one 
C) Electrical (] Mechanical Engineering 


| am a graduate engineer with 
degree 


| am not a graduate engineer but have 
. years experience, 


Name — 
Address — 
City 


Zone______State 
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* INSTRUMENTS AT WORK 


short stories about real applications 


LPR igen 








In the Rocket Engine Lab, Edwards Air Force Base, instrumentmen 


are readying, with the aid of an intercom system, Leeds & North- 
rup electronic recorders for a ‘‘static firing’ test of an Atlas missile 


engine. 


Instruments 
Behind the Big "Shoots" 


Long before the various rocket “shoots” by our armed 
forces make headlines in your morning paper, are months, 
even years, of painstaking performance testing of the rockets 
themselves and of every tiniest component that goes into 
them. Stress, strain, pressure, acceleration, temperature, and 
flow must be accurately recorded for exhaustive engineering 
study. 

Few such tests last over a few minutes—many take only 
seconds. This is an ideal application for the recording 
potentiometer, and a good example of how “old line” 
standard industrial instruments are finding wide use in 
aeronautical and missile testing. 

Among the thousands of parts that must be checked for 
performance under the terrific temperatures and shocks of 
missile service are rocket engines, fuel systems, airframes, 
guidance systems. 

The top photo shows double-range temperature recorders 
in the foreground and “Azar’—adjustable range, adjustable 
zero — recorders in the background. Up to hundreds of 
recorders may be required for a single test. This view shows 
about 75 of the 200 instruments in this one room; there are 
two other similarly-equipped rooms at the laboratory. 


Data from thousands of painstaking tests, gathered 
by recording potentiometers, guarantee the success- 
ful flight of this U. S. Army Redstone missile. 
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p NEW BOOKS 


hic Symbols for Fluid Power 
Teme. American Society of 
Mechanical Engineers, $1.50. 


A new national standard for graphic 
symbols to be used in hydraulic and 
pneumatic fluid power circuit dia- 

s has been announced by 
ASME. The new standard, Y32.10- 
1958 has been approved by ASA. 
Symbols as covered include lines, 
letters and abbreviations identify- 
ing the purpose and operation of the 
component represented. For asso- 
ciated control instruments, the ISA 
RP5.1 applies. (Order from Amer- 
ican Standards Association, 70 E. 
45th St., New York 17, N. Y.) 


Linear Programing: Fundamentals 
and Applications, Robt. O. Fer- 
guson and Lauren F. Sargent, 360 
pp., $10.00 


Aclear treatment of one of the most 
promising tools of scientific manage- 
ment. For managers at all company 
levels. Shows what linear program- 
ing can do, its results, and why it is 
advantageous. Difficult mathemati- 
cal technique is simply presented as 
a management tool. Each of its four 
parts can be read independently, for 
quick complete reference. Funda- 
mentals, use, areas of application, 
technical aspects and math deriva- 
tions are included. (Order from Mc- 
Graw-Hill, 330 W. 42nd St., New 
York 36, N. Y.) 


Static Control Application Manual — 

GET 2909, 152 pp., $5.00. 
Discusses what static control is and 
why, when and where it should be 
used in general-purpose industrial 
applications. Sections are devoted to 
the logic concept, electrical and me- 
chanical static control, operation of 
components, circuit design, panel 
layout, system checkout, test, trou- 
ble-shooting and repair. A variety 
of static-control applications are dis- 
cussed; 197 illustrations. (Order 
from General Electric Co., Schenec- 
tady 5, N. Y.) 


Nonlinear Control Systems, Robt. L. 
Cosgriff, 328 pp., $9.00. 


This book aims to give the control 
engineer practical methods for non- 
linear Systems. Extensive previous 
background not required. Only prac- 
tical engineering techniques and 
methods are included, and all math 
beyond calculus is developed. Both 
linear and nonlinear theory is stress- 
ed, and concepts and terminology of 
automatic control engineering are 
used. Each chapter concludes with 
common, practical problems and 
answers. (Order from McGraw-Hill. 
330 W. 42nd St., New York 36, N. Y.) 
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DIV. OF AMERICAN MACHINE AND METALS, INC. 


65 Rushmore Street . Westbury, N. Y. 
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Features: 


Infinite Resolution 
Wear to 20x10® cycles 


eatability: 0.1% full scale 


Temperature: SOO°F operation 


Range: O-1 to O-7500 PSI 


LE 37 on Inquiry 


MISSILE, AIRCRAFT AND 
INDUSTRIAL APPLICATIONS 


@ Conductive Plastic Potentiometric Output 


Vibration: 20 g’s all axes 10 to 2 KC 
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SIMPLICITY, RUGGEDNESS, TIGHT SEATIN 


— 











WITH ASCO’S COMPLETE LINE OF 2-WAY SOLENOID VALVES 


ASCO general purpose packless valves are now provided Fast action: Rapid filling-venting operation permit | 
in a full %” to 3” range . . . handle pressures up to 350 cycling rate to 400 per minute. 
p-s.i.... 12” and %” sizes available to 1500 p.s.i.... provide All sizes have full area ports, continuous duty coils de 
dependable flow control for air, gas, water, light oil and signed for low temperature rise and long life, and ar 
other non-corrosive fluids. available normally open or normally closed with standard, 
Check these features of the Bulletin 8210A: water tight or explosion proof solenoid. 
th Simplicity in construction: Only three operational Whatever the crucial factor in your flow-control 
parts: all stainless steel core, stainless steel] spring. application — reliability, compactness, high cycling 
Hycar diaphragm, %”-%” sizes . . . bronze piston rate — there is an ASCO valve that meets your need. 
¥,”.3” sizes. 
Ruggedness: Forged brass bonnet and body insure ee theniediene Balivery... 


8 freedom from porosity. 
& Tight shut-off: Assured by resilient disc construction. World’s largest stock of Solenoid Valves. A 
complete Solenoid Valve Stock List will be 


Compactness: 2%” face to face; 34%” pipe center ; , 
line to top of solenoid; 3-13/16” overall height. (Nor- sent to you with your copy of Catalog No. 202. 
mally closed, %” x 14” sizes.) 

Mountable in any position: Normally open or nor- 
mally closed. 


New! Catalog No. 202 covers the ASCO line of 
Solenoid Valves. Write for your copy today. 


Automatic Switch Co. Bi \\ Ww} 


52-H Hanover Road, Florham Park, New Jersey e FRontier 7-4600 


AUTOMATIC TRANSFER SWITCHES - SOLENOID VALVES - ELECTROMAGNETIC CONTROL 
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Closing the Gap 





It may pain you to be reminded that about 56¢ out of every Federal tax dollar you pay goes to the 
Armed Forces. This is $40 billion out of a $70 billion Federal budget for 1958. Even this tremendous 
sum does not fully represent the total defense spending. There is about $40 billion carry-over from previous 
years to be spent. According to budget figures for 1958, $13.8 billion will go for equipment purchases with 
emphasis on missiles, $2.3 billion will go for research and development, and $9.3 billion will go for op- 
eration and maintenance. We should take some comfort in the three major advantages that result from 
these expenditures of our hard earned money— (1) a defense of our country and our way of life, (2) the 
generation of information, procedures and equipment based on advanced scientific knowledge, (3) the 


stabilizing factor in our economy. 


Aside from the fact that the military is the best market and the biggest spender in the world, the most 
significant aspect of this expenditure is point number two. The results of research, development and field 
trials of military equipment are increasingly shaping the destinies of American industry and economic 
progress. It is up to management, engineers and scientists who are increasingly related to military en- 
deavor to see that our free enterprise becomes the recipient of this progress and not the slave of its dic- 
tates. The results of military accomplishments offer tremendous potential for consumer goods, economic 


procedures and new materials. 


There is no area of military research, development and application more new, radical and progressive 
than the operations of instrumentation in the missiles and space effort. It is characterized by complexity, 
sophistication and frequent change which is fundamentally scientific and yet logical. Instrumentation cor- 
rects design, materials, procedures and the men involved. The importance of instrumentation, to the 
initiated, becomes more important than the spectacular results which it accomplishes. There are those in 


FS industry and commerce who see the significance of these accomplishments translated into the goods and 
services consumed by the ever increasing millions of purchasing power. 

If we can believe the best barometers of our economic future, the U. S. is approaching its greatest 

rmits economic expansion in history. It will probably begin in ‘60 and be rolling in high gear by 1965. Ex- 

tents of the coming market are indicated by Dept. of Commerce predictions for 1968—a population of 

is de 205.5 million compared with 173 million today; 10 million more households; a gross national product 

A are increase of almost $200 billion; and personal income of $475 billion compared with $344 billion today— 

dard all in 1957 dollars. This increase in demand for goods and services calls for maximum utilization of re- 


sources and ingenuity. 
Instrumentation and control will continue to increase in importance as machines and devices do our 
bidding to perform every conceivable task. The results of military instrumentation offer untold benefits 


to American industry. These advances are beginning to rub off in industry circles. A prime mover in 
this direction is the application of these advances in industrial equipment by manufacturers who fear 


the loss of military contracts. 


ing 
ed. 

It will take more than this motivation to achieve maximum use of these new ideas and hardware. It 
is the responsibility of every manager, engineer and technician to foster the transfer of military achieve- 
ments to industrial operations within the bounds of national security—for a strong economy is the major 

of 


deterrent against communist aggression. 








Ts wel (6, 


Editor 
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Advancing the Technology 
of Missile Instrumentation 


This special issue of the ISA Journal is dedi- 
cated to all who have contributed their efforts in 
advancing the experimental research and instru- 
mentation aspects of missile and space technology. 

During recent years, considerable progress has 
been made in the areas of instrumentation engi- 
neering and experimental science; it is impossible 
to acknowledge the innumerable contributions by many leading work- 
ers within a single issue. Accordingly, each article was specially in- 
vited from an acknowledged authority on the particular subject. When 
assembled, the publication forms a balanced and coherent presentation 
of some major aspects of missile measurement techniques and _ instru- 
mentation development. 


The Editorial Committee of the Missile Space Group of the ISA 
Aeronautical Industry Division takes pride in presenting the techni- 
cal content of this issue to the readers. Its publication represents an 
ambitious undertaking on the part of the Instrument Society of 
America. The unique quality and coverage of this special issue will 
undoubtedly command the broadest attention and the respect that its 
authors merit. In accomplishing this effort we wish to acknowledge 
the wholehearted support and cooperation of the ISA headquarters 
staff with particular reference to the ISA Journal staff, to Miss Carol 
Patterson for her valued assistance; and, to the fellow members of the 
Aeronautical Industry Division for their enthusiastic support and co- 
ordinative efforts. 





Frederick F. Liu, Dipl. Ing., Ph.D. 


(Dresser Dynamics Inc. ) 


Editorial Chairman 
Special Missile Instrumentation 
Issue of the ISA Journal! 
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ISA Meets The Challenge 


As instrumentation changes to progressively higher technical levels the need for 
a greater contribution to its knowledge is fundamental. ISA is serving this need. 


by Robert J. Jeffries, ISA President 1958, 


(Data - Control Systems, Inc.) 


The Instrument Society of 
America was formed thir- 
teen years ago with three 
principal objectives: (a) to 
stimulate education and re- 
search in the field of in- 
strumentation and_ control, 
(b) to aid in the dissem- 
ination of instrumentation 
knowledge, (c) to contri- 
bute to the technical, pro- 
fessional and personal growth 
of its members. 

The Society is now the foremost technical society in this 
country devoted exclusively to measurement, information 
handling, computation and control. To implement its ob- 
jectives it conducts a wide range of programs and services 
devoted exclusively to the field of instrumentation. These 
activities are conducted within an organizational frame- 
work which currently includes ninety-eight local sections in 
North America, fourteen Industry Divisions, ten Techni- 
cal Divisions, over six hundred members of various Com- 
mittees and almost twelve thousand individual members. 
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During the Society's relatively short life, there have beca 
significant changes in instrumentation technology and the 
composition of the Society's membership: (a) the field of 
instrumentation is attaining recognition as a discipline un- 
to itself. (b) instrumentation has become vital to our 
National welfare, and our economic productivity and effi- 
ciency are essentially dependent on it. (c) instrumentation 
technology is becoming increasingly sophisticated: it has 
advanced virtually overnight from a cut-and-try philosophy 
to an exacting science. (d) the Space Age has introduced 
a host of new problems into the field and into the Society. 

In recognition of these changes, this issue of the ISA 
JOURNAL departs from its usual pattern of text and for- 
mat, to bring to its readers a series of papers broadly rep- 
resentative of the increasing complexity and breadth of 
modern instrumentation. The Society is indebted to the 
Missile/Space Group of its Aeronautical Industry Division 
for the concept of this issue and their enthusiastic and 
valuable contributions to its contents. Their recognition of 
the desirability of such an issue and their voluntary con- 
tributions of time and effort are representative of the best 
of free men in a free world dedicated to their own im- 
provement. 


ISA's Aeronautical Division 


by Walter J. Gabriel, Director, ISA 


(Convair Div. General 


The Aeronautical Indus- 
try Division of ISA was 
formed approximately — six 
years ago by a group of en- 
gineers who had a common 
interest to share their ex- 
periences and discuss prob- 
lems in flight testing. They 
deliberatly decided to come 
into the Instrument Society 
of America, because ISA's 
organizational structure offer- 
ed recognition and the oppor- 
tunity to expand with the industry. Today, this Division is 
one of the largest and most active of the fourteen ISA In- 
dustry Divisions. 

The objectives of the Aeronautical Division are to dis- 
seminate information and provide a medium for exchange 
of information. Through local section meetings, regional 
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Aeronautical Industry Division, 


Dynamics Corp.) 


meetings, and national meetings it provides forums for 
lecture and discussion. It conducts conferences, clinics, 
workshops, short courses, tours and exhibits. It publishes 
literature, encourages research and university fellowships 
through the Society structure. These objectives are planne-l 
and implemented by seven active Division Committees. 
This special issue of the ISA JOURNAL is our Division's 
latest contribution to these objectives. 

In a relatively few years ISA’s Aeronautical Division has 
become recognized as a major contributor to the advance- 
ment of aeronautical and missile instrumentation. Its mem- 
bers recognize the challenge of the Space Age and the 
fundamental responsibility to disseminate information in 
the ever expanding frontiers of measurement and control. 
The Division’s plans include more comprehensive techni- 
cal meetings, authoritative transactions, assistamce in sec- 
tion program planning, closer cooperation with other 
societies, more educational programs, establishment of 
standards, and better public relations. 
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e Critical Factor in Space Technology 


Instrumentation Controls Our Rate of Progress 


by William M. Holaday, Director of Guided Missiles 


Department of Defense, United States of America 


I am very pleased that 
your Journal is devoting 
an issue to the theme of 
missile testing and instru- 
mentation. This critical 
part of our National Mis- 
sile Program is so fre- 
quently unnoticed by 
groups who write on our 
projects. Yet from project 
engineer to executive, we 
in the Department of De- 
fense are acutely aware of 
the vital part played by 
testing and measurement. 

Two facets strike me as 
particularly pertinent. First, our missile projects in- 
corporate, without exception, our most advanced knowl- 
edge and technology. Our developments are in fields 
of knowledge often not fully understood, and where 
there is little precedent or experience on which to base 
design. We are forced into experimentation with cut- 
and-try techniques. We design, test, and measure—and 
from this correct and refine our design. Instrumentation 
and its ability to measure results, controls our rate of 
project progress as much as does invention and dis- 
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covery of new knowledge. 

Second, our measurements are frequently made dur. 
ing single flight-tests of expendable test vehicles. Under 
these conditions, there is no second chance to gather data. 
Our tests are months in preparation. Our test vehicles 
are expensive—requiring hundreds of thousands of dol- 
lars of top technical effort for a single test. Data is re. 
covered remotely. Our instruments must give us precise 
measurements of test parameters under extreme envir- 
onment and remote operation, and present their jin- 
formation in form that can be transmitted to our data 
collection sites on the ground. This job frequently is 
tougher than the missile design job. 


Finally, I recognize that our instruments must measure 
with a greater accuracy than is the performance of the 
missile equipment being tested—and yet our missiles are 
already using our most advanced technology. We re- 
quire a reliability of our instruments that we still are 
seeking in the missiles. Under such limiting conditions, 
your task is difficult at best, and frequently the “im- 
possible that takes a little longer”. Perhaps it will help 
to know that I understand the importance and the dif- 
ficulty of our missile instrumentation work. You have 
every encouragement that I can give to back you in 
doing this critical work, for all of us. 


The Impact of Instrumentation 


by Roy W. Johnson, Director of Advanced Research Projects Agency 


Department of Defense, United States of America 


As the United States 
makes its way into the 
vast unknown that is out- 
er space, its path is chart- 
ed, followed, and analyzed 
by a myriad of instru- 
ments serving a myriad of 
functions on the ground, 
in the air, and in space. 
Thus, the importance of 
instrumentation becomes 
as impressive as the spec- 
tacular deeds this instru- 
mentation controls and re- 
cords. 

There is no area of the 
missile and space effort of this country more charac- 
terized by complexity, sophistication, frequent change, 
and new problems than that of instrumentation. This 
perhaps explains why instrumentation has not caught 
the fancy of the man-in-the-street in the way that the 
roar of the ascending rocket or the sight of the orbit- 
ing satellite has. However, to those who are intimately 
connected with our missile and space programs, the in- 
strumentation that guides, controls, and monitors the as- 
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cending rocket, or that makes the satellite a useful ob- 
ject, attracts prime attention. 

In all our missile and space test programs there is 
heavy reliance on instruments which, in varying envir- 
onments, criticize and correct design, materials and even 
men. 

As this nation attempts its lunar and interplanetary 
probes, to return a satellite from orbit, and to place a 
man in space, instrumentation must increase its vital 
contribution. The requirements upon instrumentation for 
reliability and validity will grow even greater. To those 
in government and industry who must see to it that in- 
strumentation keeps abreast, and indeed ahead of the 
research and development needs of the United States, 
the challenge is singularly great. 

We must seek to advance beyond the present state of 
an already strikingly-advanced art. Through free flow of 
information, technical groups, such as the Instrument So 
ciety of America, will do much to serve the best interests 
of the American people. Keeping up with new develop- 
ments in instrumentation is in itself difficult. Thinking 
beyond these developments will demand the very most 
a man can give to his work. If the United States is t0 
insure its proper place in the new environment of outer 
space, no less will be enough. 
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The Challenge to Instrument Makers 
by Dr. Wernher von Braun, Director of Development Operations, Ballistic Missile Agency, United States Army 


I am happy to endorse 
the beneficial effort of the 
Instrument Society of 
America to compile this 
comprehensive and author- 
itative review of instru- 
mentation concepts and 
techniques related to the 
expanding missile industry. 
It should be of great as- 
sistance to those working 
in this challenging field. 

The creative imagina- 
tion, initiative and skill of 
instrumentation designers 





Wernher von Braun, 
will be exploited to full measure as we progress into 
the Age of Space. Much of our progress and the rate 
at which we move will depend heavily upon the capabil- 
ities of instrumentation available to the missile devel- 
opment teams. I think it would be a fair statement that, 


up to this point, we have not been retarded by any de- 
ficiency in this respect. But from here on, the pace 
will inevitably be swifter. 

If there is any one factor which is more important to 
the user than the other, it is reliability. The huge ve- 
hicles required at this stage of the art to transport use- 
ful payloads into outer space are so costly and require 
so much time and effort to assemble that we cannot 
risk the loss of a single piece of data which should be 
available from a launching. Next in importance, per- 
haps, is our familiar concern—miniaturization in the 
interest of space and weight economies. 

I have deliberately placed reduction in size and 
weight second to reliability because, until the present, 
we have been able to match progress in both aspects. 
And that offers an immediate challenge and oppor- 
tunity to the members of this Society. We are indeed 
mindful of the contribution instrument makers have 
made to our successful programs—but it is no time 
to rest upon one’s transistors! 


Instrumentation Must Stay Ahead of Itself 


by Rear Admiral R. E. Dixon, Chief of the Bureau of Aeronautics, United States Navy 


Today, the world looks 
to science for planning the 
exploration of — space. 
Space will be conquered, 
but not without extensive 
preliminary study. This 
phase, which eventually 
will lead to new dimen- 
sions above the earth, has 
just begun. Our knowledge 
of space phenomena is 
scant; we do not yet know 
what data will be required 

as to understand these phe- 
R. E. Dixon nomena nor the extent to 
which they will be significant. 

All useful scientific knowledge depends upon the 
making of measurements: without suitable instruments 
for the taking of these measurements, scientific knowl- 
edge of the physical order will remain confused with 
speculation. Speculation must be augmented by more 
intensive investigation and scientific review than ever 





before if travel through space is to become practical. 
Problems of testing, launching and operation are made 
extremely sever by requirements for ultra-precise navi- 
gation during all phases of space-vehicle flight. 

Probably there are no terms in the equation for space 
technology more critical than the quality and availability 
of suitable instrumentation—both within the vehicles 
and on the earth to which they will be oriented. Great 
expenditures of money and manpower may not of them- 
selves yield adequate instruments; the ingredients of 
imagination, initiative, and strong incentive must also 
be added to the development of new instrumentation. 

Instruments must be made fine enough to pinpoint 
performances of components and systems. And yet, the 
component being tested often represents the most ad- 
vanced segment of its own technology. Thus, somehow, 
instrumentation must “stay ahead of itself” in all fields. 
This is a great challenge to scientists and engineers. 

I know of no better way to make the scientific and 
engineering community aware of these urgencies for 
sound and imaginative instrumentation approaches than 
through the dedicated work of ISA. 


New Dimensions in Instrumentation 


Dr. Simon Ramo, President, Space Technology Laboratories, Division of the Ramo-Wooldridge Corporation 


From the _ engineering 
standpoint, most space pro- 
jects of highest interest and 
priority today do not in- 
volve any real scientific 
breakthroughs. Long-range 
ballistic missiles to provide 
us with a vital deterrent 
capability, satellites for im- 
proved world-wide com- 
munications and naviga- 
tion, and weather observa- 
tions — all of these, and 
more, space technology ap- 
plications can be accom- 
plished by extensions of 
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established scientific art. 

But these engineering advances in space technology 
are exceedingly difficult because of the problem of 
measurement. Much of the apparatus when tried out 
in its true environment, is not recoverable after the 
test; and when it is recoverable, it is not reusable in 
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most instances. The process of confirmation of engineer- 
ing design, data gathering to understand quantitative- 
ly the limits of design, improvement of reliability, and 
general refinement to attain practical embodiments re- 
quires an extraordinary degree of simulation on the 
ground and ingenious instrumentation in flight in order 
to observe, record, analyze, and understand all of the 
workings and interactions of the complete space sys- 
tem. 

The quantity of parameters to be measured simultane- 
ously, the amount of information per unit time, and the 
geographical spread and inaccessibility of parts of the 
system that must be monitored, all combine to make 
space technology’s advance as dependent on instrumen- 
tation as on any other field. Certainly, instrumenta- 
tion has not been neglected in guided missiles and space 
projects. Yet, it is safe to say that the possibilities of im- 
proving the execution of projects by increasing the at- 
tention to instrumentation have not yet been fully ex- 
ploited. In the new dimension that space adds, there 
is great dependence on an equally new dimension in 
instrumentation. 
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Instrumentation Aspects of Inertial Guidance | 


by Dr. C. S. Draper 





Professor and Head, Department of Aeronautical Engineering, and Director, Instrumentation Laboratory 


Massachusetts Institute of Technology, Cambridge, Massachusetts 


Inertial-guidance principles are re- 
viewed and the major instrumental 
problems involved are identified. In 
addition, methods for achieving the 
high performance required for the 
satisfactory operation of inertial- 
guidance equipment are described, 
with attention concentrated on prin- 
ciples and basic techniques, rather 
than on details of design. 


INTRODUCTION 


GUIDANCE is the process of com- 
bining art and science to cause a 
controlled object to follow a desired 
path with respect to one or more 
reference points. For example, a 
missile may be guided so that it 
moves over a path that carries it 
within lethal distance of a reference 
point in an airplane target. When 
electromagnetic or sonic waves are 
used to provide information on the 
motion of the controlled object with 
respect to ‘the selected reference 
point, the operation is radiation- 
contact guidance. A ground-to-air 
defense missile uses radiation-con- 
tact guidance when it rides toward 
its target on the radar beam from 
a ground-based or airborne radar 
set. Auxiliary-reference-space guid- 
ance uses one or more coordinate 
systems not fixed to either the con- 
trolled object or a reference point. 





C. S. Draper 


Dr. Charles Stark Draper is Profes- 
sor and Head of the Department of 
Aeronautical Engineering and Director 
of the Instrumentation Laboratory at 
the Massachusetts Institute of Tech- 
nology. For more than twenty-five 
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The earth serves as the auxiliary 
reference space when one radar 
beam tracks the target while 
another sends the missile along a 
line offset from the target beam by 
an amount and in a direction deter- 
mined by operation of a computer. 
In celestial navigation’ a_refer- 
ence space determined by the fixed 
stars is used. Inertial guidance’ 
is based on principles that are geo- 
metrically identical with those of 
celestial navigation as far as the use 
of an auxiliary reference space is 
concerned. The practical difference 
between celestial and inertial refer- 
ence spaces is that radiation con- 
tact with known celestial bodies is 
required in the former, while the 
latter space is established by means 
that are independent of any 
mechanical or radiation contacts 
with the environment. This result is 
achieved on the basis of Newton’s 
law of inertia’, under which the 
time rate of change of momentum 
of a moving particle is proportional 
to the applied force. For the case of 
a spinning rotor, this law reduces to 
the statement that the time rate of 
change of angular momentum is 
proportional to the applied torque. 
Gyroscopic action’ appears as the 
primary phenomenon when the spin 


years he has made notable contribu- 
tions in teaching and research at the 
institute, with special attention to ap- 
plications of gyroscopic principles for 
military and commercial equipment. 
He is a member of several advisory 
groups connected with the military 
services. At the present time, develop- 
ments made under Draper's super- 
vision are in wide use by both the Air 
Force and the Navy. 


Dr. Draper has recently received 
worldwide recognition for his pioneer- 
ing work in the field of inertial naviga- 
tion for manned aircraft, missiles, and 
naval vessels. This work includes not 
only the design, construction and test- 
ing of complete systems, but also the 
development of high-performance com- 
ponents of types that are now in wide 
production by a number of manufac- 
turers. 





Dr. Draper is a member of the Na- 
tional Academy of Sciences, the New 
York Academy of Sciences. Sigma Xi, 
and Tau Beta Pi. 


angular velocity is made to have g 
constant magnitude, so that the only 
possible response to an applied tor. 
que is for the spin axis to precex 
toward the axis about which the 
torque is applied. 

Inertial guidance is possible be- 
cause Newton’s law holds for the 
motion that occurs with respect to 
inertial space, which is substantial. 
ly identical with the space deter- 
mined by the fixed stars. Celestial 
bodies have inertial properties that 
hold with respect to inertial space 

the same space in which both 
linear inertia-reaction effects and 
gyroscopic action occur. Because of 
this fact, it is possible to use gyro- 
scopic rotors for detecting angular 
deviations of a mechanical member 
from a reference orientation that is 
“fixed among the stars” in _ celestial 
space. For the same reason, indica- 
tions of linear acceleration with 
respect to celestial space may be 
based on the force necessary to 
keep a mass in a fixed position 
with respect to any accelerated 
member to which it may be attach- 
ed. 

Under Einstein’s law of equiva- 
lence’, matter reacts linearly to any 
gravitational field with a _ propor- 
tionality constant that is ide tical 
with the corresponding constant for 
linear acceleration. This constant is 
numerically equal to the mass upon 
which these body forces act. This 
means that any device for indicating 
linear acceleration with respect 0 
inertial space will also respond t 
gravity in such a way that it 
impossible to directly distinguish 
between the effects of these two it- 
puts. 


Inertial guidance depends on the 
practical realization of two classes 
of instruments: inertial-reference 
gyro units, which accurately Te 
spond to angular velocity with re 
spect to inertial space, and specifit- 
force receivers, which respond t 
the specific body force (that is, the 
force per unit mass) acting on a 
unbalanced mass due to the vectol 
resultant effect of linear accelera- 
tion with respect to inertial space 
and gravity. Systems to utilize me 
indications of gyro units and spec 
fic force receivers in generating com- 
mand signals for guided entities 
may be organized in many ways 
but the ultimate performance that 8 
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realized always depends on accurate 
indications from the basic compo- 


nents. 

Angular velocity and specific- 
force inputs for inertial-guidance 
systems must be received with 
much lower uncertainty levels than 
the corresponding levels for good 
instruments of conventional types. 
For example, a high-quality volt- 
meter may have an _ uncertainty 
level in the region of one-tenth of 
one percent of the full-scale read- 
ing, while analysis indicates that 
a specific-force receiver with a 
range of twenty gravities may be 
required to have an uncertainty of 
not more than one-thousandth of one 
percent of one gravity. Stringency 
of the same kind exists for inertial- 
reference gyro units because in 
terms of earth-centered coordinates 
one minute of arc between neighbor- 
ing verticals represents one nauti- 
cal mile on the earth’s surface. In 
similar terms, an uncertainty of spe- 
cific-force-receiver indications with 
a level in the region of one ten- 
thousandth of earth’s gravity could 
produce, in the worst case, an indi- 
cated guidance inaccuracy of some- 
thing less than four miles. From 
these facts, it follows that if iner- 
tial guidance is to meet the frac- 
tional-mile-accuracy needs of mod- 
ern operations over the flight times 
of several hours that are often re- 
quired, inertial-reference gyro units 
must be capable of operating so that 
geometrical references may _ be 
maintained within deviations of a 
few seconds of arc with respect to 
the fixed stars. Analysis shows that 
the corresponding requirements on 
specific-force receivers are uncer- 
tainty levels not much greater than 
one-thousandth of one percent of 
earth’s gravity. 


To produce the desired over-all 
guidance results, it is necessary that 
only high-quality components and 
subsystems be combined with the 
gyros and the specific-force re- 
ceivers to form complete guidance 
systems with satisfactory perform- 
ance. For example, the time signals 
required to compensate for earth’s 
rotation must have inaccuracies not 
more than 1/100,000 of the time re- 
quired for the operations of a single 
flight. This kind of performance is 
obtainable from commercially avail- 
able units, so that time-keeping is 
not one of the special problems of 
inertial guidance. Similarly, power 
supplies, motors, synchros, ampli- 
fiers’ servos and other essential 
components must be of good qual- 
ity, but generally do not require 
more than strong product-improve- 
ment efforts of commercial items to 
be Satisfactory for inertial-guidance 
equipments. 


Instrumentation problems _as- 
sociated with inertial guidance 
are extraordinary only for the rea- 
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sons that have been discussed. The 
features that are special from the 
standpoint of instrumentation prac- 
tices that are ordinarily applied de- 
pend on the need for uncommonly- 
low inaccuracy-levels in the pres- 
ence of severe environmental con- 
ditions. This paper outlines the per- 
formance requirements for gyro 
units and specific-force receivers, and 
reviews the physical principles that 
may be used to realize practical in- 
struments. Because inertial guidance 
is at the present time in a state of 
reasonably well-demonstrated fea- 
sibility that is not yet being general- 
ly accepted for operational applica- 
tions, attention will be concentrated 
on principles and basic techniques, 
rather than on details of design. A 
number of equipments and compo- 
nents do exist that are now compet- 
ing on the basis of promises and 
prospects, not on long records of op- 
erational achievement. In some 
cases, proprietary rights or security 
restrictions are involved, so the 
author will discuss developments 
with which he is personally fami- 
liar, instead of attempting a general 
survey for the current state of an 
art that is changing rapidly under 
the pressure of new technical de- 
velopments forced by strong sup- 
port from national-defense funds. 


INERTIAL-GUIDANCE SYSTEMS 


Inertial-guidance problems may 
be divided into two categories, de- 
pending on the way in which the 
guided vehicle operates. The cate- 
gories are: 

1) Gravitational-direction-seeking 
inertial-guidance systems, in 
which indications of the changes 
in gravitational-field direction are 
associated with changes in posi- 
tion. 

2) Specific-force-integrating iner- 

tial-guidance systems, in which 

double integration of indicated 
specific force is associated with 
changes in position. 

Systems of the first class are most 
useful for inertial-guidance equip- 
ment intended to operate in regions 
where a strong gravitational field 
exists, paths of motion are largely 
in surfaces of substantially-constant 
gravitational potential, and veloci- 
ties are well below orbital velocity. 
Ships, submarines, and winged air- 
craft, both manned and unmanned, 
are all vehicles that normally use 
gravitational-direction-seeking iner- 
tial guidance systems. 

Systems of the second class are 
best adapted for use under condi- 
tions where the direction of grav- 
ity is difficult to receive as a phys- 
ical quantity, either because the 
magnitude of gravitational force is 
very small or because it is largely 
balanced by inertia-reaction body- 
force due to motion of the vehicle 
involved. Ballistic missiles, which 


are subjected to thrust forces con- 
siderably greater than one gravity, 
satellites. in which gravity is bal- 
anced by centrifugal force, and in- 
terplanetary vehicles, which move 
in regions of very small gravitation- 
al fields from several bodies, would 
all generally use specific-force-inte- 
grating inertial-guidance systems. 
Reduced to the simplest terms, sys- 
tems of this kind effectively inte- 
grate signals proportional to a line- 
ar acceleration, once to get changes 
in vehicle velocity, and twice to 
find distance traveled. 


In order that any inertial-guid- 
ance system may operate satisfac- 
torily, an inertial-reference mem- 
ber is required to supply informa- 
tion that effectively provides a co- 
ordinate system that is accurately 
nonrotating with respect to inertial 
space.’ Two mechanizations of this 
requirement are used:’ 


1) A fixed inertial-reference pack- 
age carries rigidly mounted gyro 
units that supply angular-devia- 
tion signals to the servodrives of 
gimbal mountings so that the pack- 
age physically maintains a fixed 
orientation with respect to iner- 
tial space. 


2) A moving gyro package does 
not hold a fixed orientation with 
respect to inertial space; instead, 
either the package provides angu- 
lar-velocity indications from 
which the necessary inertial-ref- 
erence information may be estab- 
lished, or else the gyro units may 
be precessed by angular-velocity 
command signals so that the iner- 
tial-reference orientation can be 
inferred from the actual gyro- 
package orientation combined 
with an integration of the com- 
mand signals. 


Fixed inertial-reference packages 
are particularly suited for specific- 
force-integrating _inertial-guidance 
systems, where they are used to 
establish coordinates along which 
the specific-force-receiver input ax- 
es are fixed. Integration of the sig- 
nals from these receivers gives the 
information required for guidance 
in terms of the orientation of the 
inertial-reference coordinates. Fix- 
ed inertial-reference packages are 
also useful for gravitational-direc- 
tion-seeking inertial-guidance sys- 
tems, in which they hold a physical 
member in the reference orientation 
so that positional changes may be 
measured in terms of changes in an 
angle with respect to the reference 
package. 

Moving gyro packages that are 
fixed rigidly to a structural part of 
the vehicle to be guided are com- 
monly used for flight control sys- 
tems where low-quality inertial per- 
formance is sufficient.” In arrange- 
ments of this kind, the vehicle it- 
self acts as the controlled member 
and has its orientation adjusted by 
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1. The base motion isolation gimbal system is made up of the outer gimbal supports, the outer gimbal, 


the middie gimba!, the inner gimbal, the associated drive motors and the associated resolvers. 2. The 
electrical power supplies, electronic units, computers, 
to complete an inertial-guidance system are not represented in this figure. 3. This illustration is based on 
Figure 4 of Wrigley, Woodbury and Hovorka?, and Figure 6 of Draper and Woodbury’. 


connections, racks and other components necessary 








Figure 1. Line-schematic diagram showing essential mechanical elements of 
an inertial-guidance system based on rotation of the inertial-reference package 


with the indicated vertical. 


the normal vehicle controls, which 
are actuated by angular-deviation 
signals generated by the gyro units. 


In any case, four subsystems are 
required to make up any inertial- 
guidance system: 


1) A gyro package, which may be 
used either as a fixed inertial- 
reference package or as a moving 
gyro package. The gyro package 
provides signals that indicate de- 
viations of the package from an 
orientation that is nonrotating 
with respect to inertial space. 


2) A specific-force receiver pack- 
age, which generates signals that 
represent specific-force compo- 
nents acting on the package. 


3) A time-signal generator, which 
generates signals that accurately 
represent sidereal time. 


4) An indicating system, which 
combines the information from the 
first three subsystems to produce 
guidance information. 


These four components may be 
combined in a number of different 
ways to form inertial-guidance sys- 
tems of various types. Wrigley, 
Woodbury and Hovorka’ have de- 
scribed several of the possible sys- 
tems and have outlined their basic 
operating characteristics. The gen- 
eralized discussion given by these 
authors will not be reviewed in de- 
tail here, as it is not necessary for 
the purpose of this paper, which is 
to call attention to some of the in- 


pose is served by considering the 
mechanical parts of an illustrative 
inertial-guidance system in order to 
stress the typical problems of com- 
ponent behavior and subsystem per- 
formance. 


ILLUSTRATIVE MECHANICAL 
SUBSYSTEM 


Figure 1 is a line-schematic dia- 
gram showing the essential elements 
of the mechanical subsystem for an 
illustrative inertial-guidance system 
in which the gyro package and the 
specific-force receiver package are 
both rigidly connected to the con- 
trolled member that remains contin- 
uously aligned with the indicated 
vertical. A system in which this ar- 
rangement is used belongs to the 
moving-gyro-package class of sys- 
tems and also to the gravitational- 
direction-seeking class of systems. 
The controlled member is mounted 
on a base by means of a three-gim- 
bal system that allows the member 
complete angular freedom with re- 
spect to the base. The system in- 
cludes three single-axis servomotor 
drives: one between the outer gim- 
bal support and the outer gimbal;* 
one between the outer gimbal and 
the middle gimbal; and one between 
the middle gimbal and the inner 
gimbal, which carries the controlled 
member. The geometrical actions 
that occur when a configuration of 


Figure 1, the various gimbals are shown with 


dimentary forms in order to illustrate the r 


strumentation problems associated 

with inertial systems. Within the hanical relationships involved. Practical  sys- 
y € 

aa , tems employ closed-f tructures designed for 

limited space available, this pur- ines Wen ah aha aa 
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this type operates are discussed in 
a paper by Draper and Woodbury: 
In order to realize a working Sse 
tem, the output signals from the 
three gyro units of the inertial-peg. 
erence package, each of which jg 
sensitive to rotation about a single 
axis only, must be properly distrjp. 
uted to three separate Power-cop. 
trol systems associated with the 
servodrive motors. The three gyry 
units are mounted so that their ine 
put axes are at right angles to each 
other. The required distribution of 
signals to the power control systems 
and their associated motors is ag. 
complished by the middle gimbaj 
angle-resolvers and inner gimbal 
angle-resolver shown in Figure | 
The theoretical relationships that 
must be fulfilled by the signals are 
given by Draper and Woodbury’ 
The resultant signals give the power 
control system for each of the servo. 
motors an input command that 
causes all the drives to work to- 
gether in forcing the _ controlled 
member toward alignment with a 
reference orientation established by 
the units of the gyro package. 


The specific-force receiver pack- 
age of Figure 1 consists of two 
single-direction-sensitivity specific 
force receiver units with their input 
axes at right angles to each other 
in a plane perpendicular to the axis 
of the inner gimbal. Because the 
function of the specific-force re- 
ceiver package in the guidance sys- 
tem is to sense specific force* and 
supply signals that are used to cause 
a direction fixed in the controlled 
member to search out the direction 
of gravity, which defines the direc- 
tion of the true vertical, this pack- 
age is also called the indicated ver- 
tical package. Each of the three gyro 
units of the inertial-reference pack- 
age, by interactions among _ its 
internal components that will be 
described in a following section, gen- 
erates a signal proportional to the 
inertial-space rotation of its case 
about the input axis with respect to 
a reference orientation of the case. 
This reference orientation is nonro- 
tating with respect to inertial space 
unless it is changed by an input 
command signal to the gyro unit 
Because of the actions of the indi- 
vidual units, the gyro package, with 
its three units, produces signals that 
depend on the orientational devia- 
tion of the package from the refer- 
ence orientation. These signals rep- 
resent the correction to the orienta 
tion of the inertial-reference pack 


+These power ntr ystems operate to suppY 


the necessary electrical inputs for properly Griv- 
na the servomotors. The power-control system com 
ponents are not represented in Figure 1. 


By definition the force per unit 


, specific force is 

iss on a body due to the resultant of inert 
reaction effects and gravitational effects. It ® 
equal in magnitude and opposite in direction 
the resultant acceleration acting on a body wher 
jravity is represented by an equivalent acceler 
tion 
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at must be made in order to 
he package into coincidence 
ference orientation. For 
hey may be age ato 

king up the correction signat' 
rig cisetied member to which 
the gyro units are attached. The con- 
trolled member correction signal is 
supplied to the controlled member 
drive power control system, and 
causes this system to give the proper 
power to each of the gimbal servo- 
drive motors for moving the con- 
trolled member so that the gyro 
package orientation hunts close to 
coincidence with its reference orien- 
tation. Except for causing the gyro 
package to follow reference-orienta- 
tion changes, the action of the gyro 
units, the power control system and 
the servo-driven gimbal system is 
to hold the controlled member non- 
rotating, or stabilized, with respect 
to inertial space, no matter how the 
base of the system may rotate. For 
this reason, the closed chain formed 
by the operating components men- 
tioned is called the angular-stabili- 
zation loop. 

An essential characteristic of the 
units that make up the gyro package 
is that they are capable of receiving 
electrical-signal command inputs 
that cause their reference positions 
to rotate with respect to inertial 
space about their input axes. The 
rate of rotation of the reference posi- 
tion is proportional to the magni- 
tude of the command signal, so that 
the total angle through which the 
reference position rotates during any 
given time interval is proportional 
to the time integral of the command 
signal acting during the interval. The 
effect of the three command signals 
applied to the three gyro units of 
the gyro package is to give the ref- 
erence orientation of the package a 
resultant rotation whose direction 
and magnitude represents the time 
integral of the resultant of the com- 
mand signals. The angular-stabiliza- 
tion loop operates to keep the change 
in orientation of the controlled mem- 
ber effectively identical with the 
change in the reference orientation 
of the gyro package. This means that 
the components that make up the 
Stabilization loop act as a_ three- 
axis inertial-space angular integrat- 
ing system, which is called a space 
integrator when a misunderstanding 
of meaning is not likely. 

The two units of the specific force 
receiver package shown in Figure 1 
are rigidly attached to the control- 
led member so that they generate 
signals proportional to the specific 
forces acting along two directions at 
right angles to the inner gimbal ax- 
is. These two signals form a com- 
posite specific-force signal represent- 
ing the linear acceleration in a plane 


age th 
move t 
with its re 
this reason, t 





tFor convenience in generalized discussions, a set 
of any number of individual signals that represent 
information on a single physical quantity may 
be treated as a composite and referred to as a 
Single signal. 
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normal to the axis of the inner gim- 
bal. This signal is the input for the 
indicated vertical drive system gen- 
erator, which supplies the input sig- 
nal for the space integrator. The re- 
sponse of the space integrator to this 
signal is to rotate a direction fixed 
to the controlled member into sub- 
stantial coincidence with the local 
direction of gravity, that is, the di- 
rection in which an accurate plumb 
bob would hang on a stationary base 
at the instantaneous location of the 
guidance system. The indicated ver- 
tical is the direction of the inner 
gimbal axis, and is along the local 
true vertical for perfect operation of 
the guidance system, whether the 
system is at rest or is moving. With 
the system at rest on the earth, the 
space-integrator drive signal serves 
its function if it causes the gimbal 
drives to move the controlled mem- 
ber into the orientation in which 
both specific force receivers give 
zero output signals. 

Indications of the vertical by a 
servo, gimbal, and platform combi- 
nation can also be achieved if single- 
axis pendulum units are used for 
the specific-force-receiving function. 
With this arrangement, each pendu- 
lum unit includes a signal generator 
to produce signals when the arm of 
the pendulous mass is not along an 
arm reference axis fixed to the case 
of the unit. The input axis for the 
pendulum is a direction at right an- 
gles to the arm reference axis and 
to the axis about which the pendu- 
lum is pivoted. With this configura- 
tion, a single-axis penduldm acts as 
a receiver for specific force along 
its input axis, but disregards specific 
forces along all other directions as 
long as the arm of its unbalanced 
mass is substantially along the arm 
reference axis. This means that, un- 
der conditions existing for the speci- 
fic-force receivers of an indicated 
vertical package, either single-axis 
pendulums or single-axis specific- 
force receiver units will serve the re- 
quired purpose. With the guidance 
system fixed to the earth, the pen- 
dulums will hang down along the 
direction of gravity (which is the 
true vertical direction) and will give 
zero output signals only when their 
arm reference axes (fixed on the 
controlled member parallel to the 
indicated vertical direction) are 
along the vertical. When the arms 
are not along the true vertical, the 
pendulums will produce output sig- 
nals that will cause the space inte- 
grator to rotate the indicated ver- 
tical direction into coincidence with 
the true vertical. 

When the base of the guidance 
system is carried in a moving ve- 
hicle, the pendulums* are subjected 


*Pendulums are used for the purposes of this dis- 
cussion because they are adapted to give some- 
what simpler pictures of the essential physical 
actions involved. It is to be understood that the 
discussion of pendulum operation applies equally 
well to systems using single-axis linear specific- 
force receivers. 


to specific forces that pull their pen- 
dulous-mass arms away from the 
arm reference axes and cause the 
output signals to change from zero 
These deflecting specific-force com- 
ponents come from two sources: 


1) Gravity, when the controlled 
member is tipped so that the in- 
dicated vertical requires a cor- 
rection angle to move it into 
coincidence with the true verti- 
cal. 


2) Linear accelerations acting in 
the horizontal plane. 


The’ gravitational-force compo- 
nents act to correct the indicated ver- 
tical, but the horizontal-plane line- 
ar-force components, which in 
modern aircraft are of considerable 
magnitude in comparison with grav- 
ity and continue for relatively-long 
time intervals, act to cause intoler- 
ably great errors of the indicated 
vertical unless the equipment in- 
volved is properly designed. The bas- 
ic problem that must be solved by 
a satisfactory vertical indicating sys- 
tem is that of compensating for the 
interfering effects of linear-acceler- 
ation disturbances, so that the in- 
dicated vertical accurately foliows 
the local direction of gravity when 
the system is carried by a moving 
vehicle, as well as when it is sta- 
tionary on the earth. 


Einstein’s principle of equiva- 
lence’ appears to rule out the pos- 
sibility of eliminating the interfer- 
ence due to long-continued linear- 
acceleration components if high ac- 
curacy is required from a vertical 
indicating system. This situation has 
been a subject of discussion for 
many years, and was reduced to a 
definitive form in papers by Schuler 
and other German writers. § ‘¢ 1! 
Schuler’s theory has been discussed 
and refined by a number of scien- 
tists and engineers.’.“‘°" From the 
standpoint of physical operation, 
Schuler’s solution applies to equip- 
ment carried by vehicles moving 
with respect to the earth on paths 
restricted to substantially spherical 
surfaces. Under these conditions, 
Schuler showed that, if a vertical 
indicating system is given proper 
dynamic characteristics, its indica- 
tion will not be subject to errors 
due to horizontal accelerations. A 
system with this property is said to 
have Schuler tuning. When this char- 
acteristic is present, the indicated 
vertical direction has an angular ac- 
celeration with respect to the earth 
that is equal in magnitude to the 
magnitude of any existing horizon- 
tal linear acceleration component di- 
vided by the radius from the center 
of the earth to the guidance system. 
The direction of the angular acceler- 
ation is such that the indicated ver- 
tical remains coincident with the 
true vertical, no matter how the hor- 
izontal-plane acceleration of the ve- 
hicle carrying the vertical indicating 
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a) Pictorial schematic diagram of a typical single-axis specific force 
receiving unit based on the single-degree-of- freedom pendulum unit 
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d) Inertial reference package with three single-degree 





of-freedom gyro units 








Figure 2. Elementary features of components of typical units for specific-force 
receiving packages and inertial-reference packages. 


system may vary. For vehicles mov- 
ing at substantially constant alti- 
tudes, Schuler tuning requires that 
the vertical indicating system have 
a natural frequency of angular os- 
cillation with respect to the earth 
of about 84 minutes. 


APPLICATION OF GYRO UNITS 
AND SPECIFIC-FORCE RECEIVERS 
TO INERTIAL-GUIDANCE SYSTEMS 


The diagrams of Figure 2 repre- 
sent a review of the applications of 
single-axis pendulums in specific- 
force receiver packages and the use 
of single-axis gyro units in inertial- 
reference packages. Because so 
many designs are possible for pen- 
dulums and gyro units and have ac- 
tually been worked out and mechan- 
ized, it is far beyond the scope of 
this paper to give any reasonably 
complete review of the existing art in 
these instruments. Because the basic 
principles of operation and the es- 
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Figure 3. Elementary features of pen- 
dulous-gyro integrating specific-force 
receiver (from Figure 4 of Russell’’). 
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sential features of performance are 
the same for all units, attention will 
be concentrated on units for which 
information is available, rather than 
being spread over all the many units 
that are now either under develop- 
ment or in test. Also, in the inter- 
ests of giving fairly complete cover- 


age to representative problems, 
rather than  unsatisfactorily thin 
coverage to all possibilities, gyro 


units will be discussed in more detail 
than the much simpler devices that 
are used as pendulums. The omis- 
sion of a detailed treatment of pen- 
dulums is not serious, because the 
gyro unit treatment can be immedi- 
ately applied to the pendulum units 
by leaving out the gyro rotor and re- 
placing it with an unbalanced mass. 
Figure 2 shows both the pendulum 
unit and the gyro unit as having 
their active elements enclosed in 
floats that are pivoted by watch- 
jewel-type bearings within their 
cases. The flotation is made nearly 
perfect in order that the pivot loads 
will be very small and not greatly 
affected by vibration, shock or 
heavy accelerations, because sup- 
port forces come principally from 
pressure gradients in the fluid that 
change instantaneously with changes 
in specific force. Viscous friction due 
to shear in the fluid between the 
float and the case is high, but is 
actually applied as an essential fea- 
ture of the unit’s operation, rather 
than being an interfering effect. 
The pendulous mass, the pendu- 
lous mass arm, the arm reference ax- 
is, the pendulous mass arm angle 
and other pendulum features already 
mentioned are shown in Figure 2-a. 





The features of the gyro unit are 
discussed in following sections 


SINGLE-AXIS INTEGRATING 
SPECIFIC-FORCE RECEIVER 


One type of specific-force receiver 
whose general features have only 
recently been released from security 
restrictions is based on a device used 
by the Germans in the V-2 rocket 
This device operates in a way that 
differs from the action of simple 
pendulum units in that its output js 
a signal that represents the time in- 
tegral of acceleration along the in- 
put axis with respect to inertia 
space. Russell” has described the 
essential features of the integrating 
specific-force receiver that consists 
of a pendulous mass rigidly attach- 
ed to the gimbal of a single-degree. 
of-freedom integrating gyro unit in 
such a way that its center of mags js 
located on the spin axis of the gyro 
rotor. The essential features of this 
arrangement are shown in Figure 
3. The operation of the over-all sys- 
tem shown in Figure 3 is discussed 
later in this paper in connection with 
an illustrative single-axis servo-driy- 
en controlled member. 


SINGLE-DEGREE-OF-FREEDOM 
INTEGRATING GYRO UNITS 

Stabilization of a controlled mem- 
ber with respect to inertial space re- 
quires some means for rapidly and 
accurately detecting small deviations 
of the member with respect to the 
desired inertial space reference ori- 
entation. Inertial space, however, 
does not have any natural referen- 
ces in position except the fixed stars, 
which are not useful without line- 
of-sight information. It follows that 
any reference orientation for the 
controlled member of a stabilization 
system must be established by ele- 
ments within the system itself. This 
means that gyro units for stabiliza- 
tion purposes must generate signals 
that represent angular deviations 
from an internally established ref- 
erence orientation fixed by opera- 
tion of the gyro rotors. Each single- 
degree-of-freedom gyro unit re- 
ceives deviations of this kind as 
rotations about a single direction 
fixed to the unit. To generate the sig- 
nals required to produce complete 
stabilization, three single-degree-0f- 
freedom gyro units are required I 
a three-axis gimbal system like 
that of Figure 1. The general fea- 
tures of gyro units suitable for use 
in systems of this kind are briefly 
described in the succeeding para- 
graphs. 

Single-degree-of-f ree dom inte 
grating gyro units are a develop- 
ment of the instrumentation labor 
atory at the Massachusetts Institute 
of Technology. These units are dis 
cussed in the referenced publica 
tions 16 and 17, which give biblio- 
graphies of theoretical and practical 
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information on gyroscopic theory 
and instruments using gyro princl- 
les. The principles applied in the 
units are also described in two re- 
cent United States patents.” ” A 
prief review of the design features 
and the essential performance char- 
acteristics of single-degree-of-free- 
dom integrating gyro units Is includ- 
ed here to show how units of this 
type operate as stabilization-system 
components. 

Figure 4 is an illustrative pictorial 
diagram showing the general fea- 
tures of the M.I.T. integrating gyro 
units. Figure 5 is a sectioned view 
of a typical unit that has been in 
production for some time. A gyro ro- 
tor spun at a constant speed by an 
alternating-current synchronous mo- 
tor is mounted in a gimbal that is 
enclosed by a hermetically sealed 
cylindrical shell filled with helium. 
The helium acts as a neutral atmos- 
phere and serves as a medium for 
producing an even temperature dis- 
tribution over the parts of the shell. 
The weight of the gimbal-motor-shell 
combination and associated parts 
(collectively known as the float) is 
adjusted so that it is almost perfect- 
ly supported by buoyant forces in a 
fluid that completely fills the clear- 
ance volume between the float and 
the hermetically sealed case of the 
unit. The float is pivoted within the 
case by watch-jewel-type bearings 
that, because of the low residual 
loads, introduce substantially no fric- 
tion to resist float rotation. The piv- 
ots are carried on axial extensions 
from the gimbal float shell. On one 
end, the extension carries the rotor 
of an alternating-current signal gen- 
erator of the Microsyn type.* This 
unit produces a phase-reversing sig- 
nal having a magnitude proportional 
to the angular deviation of the float 
from the position in which the out- 
put voltage has its null level. The 
end of the float away from the sig- 
nal generator carries the rotor of a 
Microsyn torque generator. This com- 
ponent receives electrical-current in- 
puts and applies a corresponding 
torque to the float about the output 
axis, which is coincident with the 
axis of rotation established by the 
gimbal bearings. Balance nuts ad- 
justable from outside the case are 
used to put the float into accurate 
rotational balance. 

In any actual single-axis gyro unit, 
a number of features must be in- 
corporated that, in the interests of 
simplicity, are omitted from Figure 4. 
For example, the flexible leads 
used to make electrical connections 
from the external terminals to the 
gyro drive motor are not shown. It 
is important that the torque applied 
by these rotor-drive power conncc- 
tions to the float be kept within 
tolerable levels. The required per- 
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*See Figure 35-5 of Vol. III Part 1, “Instru 
ment Engineering’’ by Draper, McKay and Lees 
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The volume between the outside of the float and the inside of the case is completely filled with a 
fluid having the property of Newtonian viscosity, that is, the coefficient of viscosity is independent of shear 
gradient. 


This diagram is based on U.S. Patent 2,752,791, Fig. 1 of U.S. Patent 2,752,790, and Fig. 12 of Sherman 
Institute of the Aeronautical Sciences, New York, January 


1955. (Used with permission) 
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Figure 4. Pictorial diagram for the single-axis integrating gyro unit. 


formance is achieved by using thin, 
flat wires of good mechanical prop- 
erties formed into semicircles that, 
in their undistorted shape, accurate- 
jy touch the terminals on the case 
and also those on the fleat when 
the float is in its null-signal posi- 
tion. In practice, lead-in systems 
with these features can be designed 
to impose satisfactorily low torques 
on the float. 

An angular velocity of the gyro 
unit case about the input avis, 


which is at right angles to the out- 
put axis and the spin axis when the 
signal output is at its null level, caus- 
es a gyroscopic-rotor output torque 
to act on the gimbal. This output 
torque is the result of the tendency of 
the rotor to align its spin axis with 
the angular velocity vector along the 
input axis. The resisting torque ap- 
plied to the gimbal because of the 
damping action of the fluid in the 
clearance between the float and the 
case just balances the gyroscopic 











The designation 10* shows that the angular 
momentum of the gyro rotor is 10,000 gram 
entimeter)=/second when the rotor is spinning at 


12,000 rpr 








Figure 5. Sectioned view of the M.I.T. 104 single-axis integrating gyro unit. 
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Figure 6 Line-schematic diagram of single-axis servo-driven controlled member 


carrying an integrating gyro. 


output torque.* This situation occurs 
when the rate of rotation of the gim- 
bal with respect to the case is suf- 
ficient to generate a resisting torque 
due to viscous shearing action that 
is equal in magnitude to the magni- 
tude of the torque from the gyro- 
scopic element. The corresponding 
rate of change of the output voltage 
from the signal generator is directly 
proportional to the angular velocity 
of the gimbal with respect to the 
case. From the standpoint of gyro- 
unit operation, the resultant effect 
of the actions just described is a 
rate of change of the gyro-unit out- 
put signal that is proportional to the 
rate of change of the case orienta- 
tion with respect to inertial space 
about the input axis. When the in- 
put angular velocity and the output 
voltage rate are integrated between 
the same instants in time, the change 
in the output signal for any interval 
within which the unit is operating 
properly? is proportional to the an- 
gular displacement of the case about 
the input axis that occurs during 
the same time period. 

sential features of a controlled mem- 


ILLUSTRATIVE SINGLE-AXIS 
SERVO-DRIVEN CONTROLLED 
MEMBER WITH AN INTERGRATING 
GYRO 

To illustrate the basic action of an 
integrating gyro—servodrive com- 
bination for providing stabilization, 


Figure 6 is drawn as a line-sche- 
matic diagram representing the es- 





*This is strictly true only when the inertial re- 
action torque due to angular acceleration of the 
float is negligibly small. 


*When the gimbal is in contact with stops set 
in the case, the damper is effectively locked, and 
the unit is not operating properly. 


60 


ber carrying a single integrating 
gyro unit with its input axis along 
the axis of rotation of the servo- 
drive system. With no input current 
applied to the gyro unit and with 
the gimbal in the position at which 
the gyro output signal has its null 
level (that is, with the spin axis 
along the spin reference axis so that 
the gimbal angle is zero*), any rota- 
tion of the controlled member about 
the input axis will cause the gyro 
gimbal to turn with respect to the 
gyro case about the output axis. The 
resulting angular displacement is 
picked up by the signal generator 
and sent through slip rings to the 
power control system. The output of 
the power control system acts on the 
drive motor to produce a torque on 
the controlled member that tends to 
cause rotation in the proper direc- 
tion for forcing the gyro gimbal back 
toward its null-output-voltage po- 
sition. The continual cycling of the 
system with this action forces the 
controlled member to maintain a po- 
sition that is effectively identical 
with the inertial-space reference ori- 
entation of the gyro unit case. 

The reference orientation of the 
controlled member may be changed 
by introducing a command signal in 
the form of an input current to the 
gyro unit. This current causes the 
torque generator to apply a torque 
that starts to turn the gyro gimbal 
away from its null-signal position 
and produces a corresponding gyro- 
unit output signal, which is the in- 
put for the servo system. The result 
is that the drive-motor output torque 
turns the controlled member in 
the proper direction to cause the 
gyro rotor output to act against the 

*This stated zero gimbal angle is not essential 


as an initial condition. It is used here only ji 
order to simplify the discussion. 





output from the torque generator 
For a constant input current, the 
steady-state condition is reached 
when the servo drives the controlled 
member at a rate for which the gyro- 
rotor torque output just balances the 
torque-generator output torque, By 
making use of this action, the con. 
trolled member reference orientation 
may be changed at will. In any 
given situation, when the desired oyj. 
entation is reached, the input cyr. 
rent is reduced to zero. The gyro- 
unit—servo combination will then 
stabilize the controlled member with 
respect to the new inertial-reference 
orientation. The action under the 
dynamic conditions due to input var- 
iations is essentially the same as 
the action under constant input com- 
mands except that the gyro behaves 
as a first-order system with a time 
constant equal to the characteristic 
time of the unit. 

Figure 3, which appears earlier 
in the discussion on applying accel- 
erometers and gyro units in inertial- 
guidance systems, shows the essen- 
tial element of a pendulous-gyro in. 
tegrating specific-force receiver. This 
device is just a single-axis integrat- 
ing gyro-unit—servodrive combina- 
tion like that represented in Fig. 
ure 6, with the addition of a pen- 
dulous mass located with its center 
of gravity on the spin axis and 
away from the output axis. With 
the spin axis near the spin reference 
axis, which is a position that must 
be maintained by rotation of the 
gyro unit about its input axis by the 
servodrive, any specific force acting 
on the whole unit along the gyro in- 
put axis causes the pendulous mass 
to tend to “lag behind.” The result- 
ing inertia-reaction force applies a 
torque to the gimbal, causing the 
gimbal to turn and the signal gen- 
erator to produce an output voltage. 
This voltage is the input for the 
servodrive system and causes the 
motor to rotate the controlled mem- 
ber in the proper direction for the 
gyro-rotor output torque to balance 
out the acceleration torque from the 
pendulous mass. The resulting angu- 
lar velocity of the controlled mem- 
ber is proportional to the accelera- 
tion of the unit along the input axis. 
This means that the total angle 
shown by the indicating system of 
the space integrator is proportional 
to the time integral of the resultant 
of gravity and linear acceleration 
with respect to inertial space that 
acts along the input axis of the spe- 
cific-force receiver. 


SINGLE-AXIS GYRO UNIT PER- 
FORMANCE CHARACTERISTICS 
AND THEIR DETERMINATION 


Single-axis gyro units have per 
formance characteristics that may 
be treated in three categories: 

1) Dynamic characteristics. 

2) Static characteristics. 
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Drift-rate characteristics (usu- 
drift characteristics). 
dpoint of practical 
applications, the quantities that de- 
termine these characteristics are all 
measurable by tests made with com- 
plete gyro units by normal use of 
the mechanical mounting provisions 
and electrical connections. The theo- 
ry and techniques for determining all 
the essential performance character- 
istics are well known and described 
in available references. - In the lim- 
ited space of this paper, it is not 
feasible to give detailed information 
on the performance of specific units. 
Data of this kind are available in 
manufacturers’ publications “ *S and 
references 16 and 17. 


3) 
ally called 
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SUMMARY 


Inertial-guidance principles have 
been reviewed and the major in- 
strumental problems involved have 
been identified. Methods for achiev- 
ing the high performance required 
for satisfactory inertial-guidance- 
equipment operation have been de- 
scribed. These mechanizations do 
not represent the only feasible plans 
of attack in designing high-perform- 
ance gyro units and specific-force 
receivers, but they are typical of de- 
vices that have demonstrated iner- 
tial guidance is practical. Present se- 
curity requirements make it impos- 
sible to reveal all the information 
that is available. It is significant to 
note that components of sufficient 
performance are being produced to 
draw much support for companies 
who wish to manufacture inertial 
equipment. It is hoped that, in the 
not-too-far-distant future, an unclas- 
sified article based on the back- 
ground discussed in this paper may 
be written to describe in detail the 
performance of components and sub- 
systems for inertial-guidance equip- 
ment. 
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*See Draper, McKay and Lees, 
gineering’’?6, Vol. II, Chapter 18, 
Chapter 31, and Hoag?! 
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Laborafory Studies of Missile 
Re-entry Aero-Thermodynamics 


by Dr. D. Bershader 


Manager, Gas Dynamics Department, Lockheed Missile Systems Division 


and Associate Professor of Aerodynamics, Stanford University 


The central problem in connection 
with the re-entry of ballistic mis- 
siles and space vehicles, as well as 
the performance of other hypersonic 
craft, is the so-called “aerodynamic 
heating.” The basic nature of this 
phenomenon is reviewed and a de- 
scription is given of the high-temp- 
erature environment enveloping the 
flight vehicle. Difficulties of labora- 
tory analysis in this area stem from 
the necessity of providing excessive 
stagnation temperatures, combined 
with appreciable pressures, to avoid 
complex scaling problems arising 
from the extrapolation of results ob- 
tained under more moderate condi- 
tions. Principal capabilities of hy- 
personic blowdown tunnels with 
storage heaters are discussed as are 
those of the shock tube, spark-heat- 
ed (Hot-Shot) tunnel, and other 
methods. Several experiments are 
chosen for further discussion as il- 
lustrations of the wide variety of dis- 
ciplines associated with current hy- 
personic testing and research. 


INTRODUCTION 


MY PURPOSE is to describe tech- 
niques and results of recent exper- 
imental research relating to the 
aerodynamic heating of hypersonic 
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vehicles. This so-called “aerodynam- 
ic heating” effect has received wide- 
spread attention, particularly in 
connection with the atmospheric re- 
entry of ballistic missiles and satel- 
lites. It has also received attention 
in connection with the motion of skip 
rocket and glide rocket craft.’ Fur- 
ther, vehicle surface heating plays 
a major role in the design of man- 
ned space vehicles. For a given set 
of vehicle performance _ require- 
ments, the magnitude of the heat 
transfer clearly affects the skin 
composition, vehicle structure and 
overall shape, the arrangement of 
internal components, and the intern- 
al environment. High temperature 
re-entry conditions may affect, as 
well, microwave communication be- 
tween the craft and ground stations. 
A comparison of some numerical 
values will immediately emphasize 
the magnitude of the problem. We 
inquire into the rise in temperature 
developed near the nose (assumed, 
for simplicity, to be perfectly therm- 
ally insulated) of a flight vehicle in 
the following three cases: 
Case 1. Transport airplane travel- 
ling at 300 miles per hour at 14,000 
feet altitude (Mach. 0.45); 


Superior ita numbers refer to 
bered references at the end of tt article 
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Case 2. Supersonic fighter plane 
with speed of 1320 miles per hou 
at 55,000 feet altitude (Mach 2): 
Case 3. Ballistic missile moving 
at 18,000 miles per hour at 150,009 
feet altitude (Mach 22) 
The temperature increases, com- 
puted from the fluid flow energy 


equation, (assuming, for simpli- 
city, perfect recovery) are respec. 
tively: 


Case 1—21°F 
Case 2—312°F 
Case 3—13,000°F 


For comparison, note that most heat- 
resistant metals melt around 6,000°F 
and that the highest temperature 
carbides succumb around 7,000°F. 
Extreme surface recovery temp- 
eratures such as Case 3 above imply 
high rates of heat transfer to any 
real surface. Fig. 1 gives a plot of 
stagnation temperature (which, for 
present purposes, may be equated to 
the insulated surface recovery temp- 
erature discussed above) versus alti- 
tude for re-entry vehicles of typical 
ratios of mass to frontal area with 
approach speeds ranging from 10,000 
feet per second to 36,700 feet per 
second. The latter figure was chosen 
as a limiting case because it repre- 
sents the socalled “escape velocity” 
for a body leaving earth. The sec- 
ond set of parametric lines, drawn 
with heavier pen, represent curves 
of constant heat transfer. Note that 
re-entry trajectories show peak 
heating at relatively high altitudes 
The extreme case of 5,000 Btu per 
feet? per second shown in the fig 
ure signifies, for example, that 
enough heat is received every set 
ond by one square foot of surface 
near the stagnation point to convert 
over three pounds of ice to steam 
superheated to 1,000°F! 
Laboratory investigation of the 
problem is hampered by the magnir 
tude of the temperature and by the 
complex physical nature of the aer 
thermal phenomena in this temperé 
ture range. As in the case of aly 


ISA. Journal 


BLL CN | A Arr cme, — — 


a 








— 





| 
| 
| 
| 




















ith models of the real 

; ‘+ is necessary that functional 
ao het be understood in order 
to obtain proper simulation or suit- 
able scaling of results. In turn, such 
restrictions on the experimental de- 
sign effect directly the choice of 
measurement and control instrumen- 
tation. However, with the notable 
exception of the Air Force Re-entry 
Test Vehicle program using the 
Lockheed X-17’, systematic research 
on hypersonic heating has, indeed, 
been confined largely to the labora- 
tory where some control of physical 
parameters and better control of 
costs can be obtained. The attempts 
to pursue this class of problems in 
a more effective fashion have result- 
ed in considerable developments in 
the field of experimental aerody- 
namic research, including basic facil- 
ities, methodology and instrumenta- 
tion. 


experiments w 


FEATURES OF THE 
HYPERVELOCITY VEHICLE 
ENVIRONMENT 


Figure 2 shows schematically the 
aerodynamic regime near the sur- 
face of a blunt-nosed body at hy- 
personic speeds. The air is intensely 
heated by passage through the de- 
tached bow shock wave and simul- 
taneously decelerated to subsonic 
speeds. Since energy is conserved 
in passage through a shock, the de- 
celeration causes a _ considerable 
transfer from kinetic energy to in- 
ternal energy manifested as temper- 
ature plus internal atomic/molecu- 
lar excitation, especially dissocia- 
tion, according to the relation: 


hy+u)2/2 = he+ue"/2 


The enthalpy change is defined in 
the usual way as: 
heh; = Ee—E,+@?-—..... (2) 
pe pi 
The layer of air surrounding the nose 
of the body is termed the “shock 
layer,” and is at a fairly uniform 
high temperature except in the im- 
mediate vicinity of a surface “heat 
sink”. Right near the surface, one 
finds a “boundary layer” whose 
characteristics depend on the dy- 
namic and physical properties of the 
gas flow in the vicinity, and on the 
wall boundary conditions. 


In expanding around the curved 
surface adjacent to the nose, the air 
again passes through sonic speed 
except for the thin inner portion of 
the developing boundary layer near 
the surface. The cylindrical after- 
body is surrounded by the growing 
boundary layer. At sufficiently high 
Reynolds numbers, the boundary 
layer may undergo transition to tur- 
bulent flow before leaving the body 
to mix with the external stream in 
forming a wake. Boundary layer 
heating along the afterbody is also 
severe, although in contrast to the 
nose or “stagnation point” heating, 
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its origins lie in viscous’ shear 
rather than in straight compressive 
heating by a normal shock. The lo- 
cation of the laminar-turbulent tran- 
sition is, in principle, of importance 
since turbulent heat-transfer rates 
are considerably higher than lami- 
nar rates. 


To obtain an order-of-magnitude 
value for 6, the shock-surface stand- 
off distance, i.e., the thickness of the 
shock layer in the stagnation region, 
we use the approximate relation’ 


V, ae |e |) 


For strong shocks, the above den- 
sity ratio is about 0.1. If, as a fur- 
ther approximation, we replace R, 
my Rb», one finds that for nose cones 
of typical size, 56 may be around 
two inches or so in magnitude. 


The thickness of the boundary lay- 
er at the stagnation point is negli- 
gible in comparison with the shock 
layer thickness.’ However, applica- 
tion of flat-plate boundary layer 
theory to the simpler case of a sur- 
face, nearly plane, moving parallel 
to itself at 1320 miles per hour at 
55,000 feet (corresponding to case 2 
in the introductory’ discussion 
above), gives a laminar layer thick- 
ness of 0.1” at a point two feet down- 
stream of the leading edge. In first 
approximation, we would expect, 
then, that the boundary layer thick- 
ness would be of similar size on the 
cylindrical afterbody some few feet 
from the stagnation point of a blunt- 
nosed re-entry body. 


The next step in our description 
concerns the properties of the com- 
ponents of air in heated layers near 
the vehicle. Air at room tempera- 
ture, as we know, is composed of 
about 21 mole % oxygen molecules, 
78% mole nitrogen molecules, with 
the remainder consisting of small 
amounts of oxygen, water vapor, 
carbon dioxide, hydrogen, neon, 
krypton and xenon. Now, at moder- 
ate temperatures such as those of 
Cases 1 and 2 of the Introduction, it 
is hardly necessary to extend the 
analysis to the molecular level when 
computing surface heat transfer from 
the appropriate energy equation. 
However, starting at a temperature 
of 2200°F, corresponding to the in- 
sulated surface temperature for 
Mach 6, the molecules begin to play 
an explicit role in the energy bal- 
ance because of excitation of vibra- 
tional energy levels. At tempera- 
tures equivalent to Mach 10, oxygen 
begins to dissociate and chemical re- 
actions occur, resulting especially in 
the formation of nitric oxide. The 
dissociation of nitrogen starts at ap- 
proximately 10,000°F, corresponding 
to the “recovery” temperature be- 
hind a Mach 17 shock wave. 


Fig. 3, computed from data of Gil- 
more’, displays 
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Figure 1. Missile re-entry plot of 
altitude vs. stagnation temperature 
with typical trajectories and curves of 
constant heat transfer as parameters. 
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Figure 2. Flow pattern around blunt- 
nosed hypersonic vehicle. 


air in mole percent behind shocks 
of Mach number 12.5 and 24 at 100,- 
000 feet altitude, corresponding, re- 
spectively, to vehicle speeds of 8,300 
and 16,000 miles per hour. Note that 
the relative proportions of molecular 
and atomic constituents are, indeed, 
consistent with the remarks of the 
previous paragraph. The absorption 
of energy by a variety of atomic/ 
molecular processes and its release 
in these cases where the reverse pro- 
cess also takes place, is consider- 
able. In Case 3 discussed in the In- 
troduction, the temperature rise be- 
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Figure 3. 


Two examples of composition of air be- 


hind hypersonic shock waves at 100,000 ft altitude. 


hind a Mach 22 shock wave would 
lead to an absurdly high result of 
over 38,000°F rather than 13,000°F 
if the “real gas” behavior were ig- 
nored in favor of the “ideal gas” 
assumption which holds so well at 
lower temperatures. The difference 
here is largely explained by the 
energy of dissociation. 


An extended discussion of the 
multiplicity of physical phenomena 
which may play roles in the ener- 
getics of hypervelocity heat transfer 
is, perhaps, not appropriate in this 
article. It is worth noting that any 
such discussion would include, in 
addition to a treatment of dissocia- 
tion and other chemical reaction phe- 
nomena: (1) radiative emissivity of 
air at the temperatures in question, 
leading to a prediction of radiative 
heat transfer to the vehicle surface; 
(2) catalytic effects of surface ma- 
terials in producing surface recom- 
bination of atoms; (3) effect of free 
electrons in the boundary layer on 
the thermal conductivity of the gas, 
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Figure 4. Electron density vs. shock 
Mach number with altitude as para- 
meter. 
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(note from Figure 3 that while the 
electron count e, is not impressive 
percentagewise, a value of 0.11 mole 
% does correspond to a very 
large number of charges. In this con- 
nection, Fig. 4 gives a plot of elec- 
tron density in the shock layer of a 
hypersonic vehicle as a function of 
Mach number with altitude as para- 
meter, again using data from refer- 
ence 6), (4) mean free time for parti- 
cle collisions in relation to transit 
time through the shock layer as it 
affects the degree of chemical 
equilibrium in the flow. 


While it is apparent that the phy- 
sical properties of, and boundary 
conditions at the vehicle surface are 
basic in determining the local gas 
dynamic environment, a more in- 
tense air-surface interaction takes 
place in the case of a cooling tech- 
nique of growing importance, name- 
ly, use of surface ablation to carry 
away thermal energy via the heat 
of fusion and/or vaporization of the 
shell material. The systematic in- 
vestigation of ablation aero-thermo- 
dynamics involving boundary layers 
of several components and more 
than one phase, sometimes coupled 
with active chemical reactions, pre- 
sents yet another difficult challenge 
to the experimentalist. 


Ablation of a completely different 
variety may play a role in the heat 
balance of an earth satellite moving 
at a typical altitude of several hun- 
dred miles above the surface where 
heat transfer with the environments 
takes place by radiation. At these al- 
titudes, the mean free path of parti- 
cles is much larger than the vehicle 
dimensions, and so the schematic 
configuration of Figure 2 would be 
replaced by individual collisions 
with the satellite surface in an 
otherwise near-vacuum. Bombard- 
ment by micrometeorites, solar cor- 
puscular radiation (protons having 
energies of hundreds of electron 
volts), oxygen atoms and energetic 
photons may erode the vehicle sur- 
face to the extent of changing ap- 
preciably its emissivity characteris- 





tics.” This is not well UNderstgp, 
because much has yet to be le 
about the true distribution of en: 
ronmental components’ at these al 
tudes and about emissivity Prope, 
ties of solid surfaces. For ex 
it only recently has come to jj 
that there exists high energy 
trating radiation in the orbit of R 
plorer IV.’ The variation wig 
height indicates that its average, 
vel is beyond that which can y 
tolerated by humans in Sustaing 
space flight. If it becomes neg 
sary to line the vehicle with lg 
shielding, the heat balance Cond). 
tions will be altered. 












EXPERIMENTAL 
PROGRAM DESIGN 


We have seen that the analyg 
of heat transfer in hypervelocity » 
hicle flight is characterized by, 
group of problems related in thy 
effects, but widely diversified in» 
ture. For purposes of controlled jp 
vestigations, one requires exper. 
ments dealing separately with th 
individual phenomena. Howey 
they all have in common the aspe 
of requiring high temperature q. 
perimental environments. 





In experimental aerodynamics th 
classical facility is the wind tunn! 
The supersonic wind tunnel is & 
signed to perform measurements «| 
flow fields or models with prima 
simulation of Mach number and Re} 
nolds number (a quantity which e| 
presses the relative importance al 
inertial to viscous effects). In add 
tion, we know that wind tune 
studies have included a good deal ¢ 
heat transfer work by use of sult 
able heating or cooling units. How 
ever, heat transfer rates of thousant! 
of Btu feet*/second represent #j 
new order of magnitude in aerody- 
namics, especially where simulta 
eous control of other parameters 
necessary for simulation of the fligt} 
problem. Were it not for the latte) 
consideration, one could, for exalt 
ple, achieve the necessary heat rat} 
by working with a rocket nozzle ej 
haust. i 

How, then, were suitable expel 
ments arranged to study the centt 
problem of missile re-entry aef) 
thermodynamics, namely, stagnatis} 
point laminar heat transfer to ij 
blunt-nosed body in hypersonic mt} 
tion? The theory predicts the follow} 
ing functional dependence for t 
heat transfer if the flow is assumé 
to be in thermochemic equilibrium’ 


ds ~ 0.76/0° *(pwitw )’ (pstt s)' 
x {14+-(L*™—1)(hp/hs)} 
(hs—hw)\/(dU./dX)s & 

The Prandtl and Lewis _ transpo& 


parameters, o and L, respectivell 
enter the equation explicitly, as de® 
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the viscosity t. Now, the velocity 
gradient at the stagnation point, 
(dU./dX) , is computed by use of the 
Newtonian flow assumption, giving 
1/RV2P;/ps. By an equation of state 
relation, this can be transformed to 
a function of R and hs. Next, for il- 
justrative purposes, it is also a satis- 
factory approximation to choose L = 
1. As for the term (h,—h,y), Case 3 
of the Introduction indicates that h,, 
the stagnation or ideal recovery en- 
thalpy, is considerably larger than 
he, since hw would have to cor- 
respond to a surface temperature ap- 
preciably less than melting temper- 
ature. Further analysis, including the 
replacement of viscosity by its 
temperature dependence, reveals 
that q. depends primarily upon the 
body size Rs and upon the stagnation 
enthalpy and density, h. and p., re- 
spectively. 


In reference to the hypersonic ve- 
hicle flight situation h, is deter- 
mined by the velocity, since equa- 
tion 1 may be modified to read 


U1?/2 ~ he ~h, ; (1°) 


and for a given speed, p. is a func- 
tion of altitude, as the latter deter- 
mines the ambient density p; in a 
sensitive fashion. Kemp and Riddell! 
have shown that a good engineer- 
ing approximation to equation 4 is 


q:=20,800\/p:/ps « Ru (U;/26,000)** (5) 


At the same time, however, closer 
examination of the complex theoreti- 
cal analysis on which the above 
simplified discussion is based, with 
its attendant assumptions, leads to 
the conclusion that formulae such as 
equation 5 cannot be used to scale 
upward in temperature from exper- 
imental results obtained at much 
lower values of this variable. 


; Any type of scaling must be done 
in a most careful fashion. Consider 
nose radius Rs, a quantity to be 
scaled in any experiments with 
smaller sized models. Equation 5 
gives the functional dependence for 
aerodynamic heat transfer for air in 
local thermochemical equilibrium. 
If the latter condition does not hold, 
the similarity analysis involves a re- 
combination rate parameter” which 
scales with Rs. Further, if radiative 
heat transfer must be taken into ac- 
count (this may contribute around 
10% of the total in the region of 
peak ICBM heating, but could be 
considerably greater under some 
conditions of return of outer space 
vehicles", one finds a proportional- 
ity with Rs according to the relation 


qs: ~ pr” “> U,"*> Re (6) 
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Figure 5. 


Clearly, it is impossible to achieve 
geometric scaling simultaneously for 
these different heat-transfer mechan- 
isms. 


It is worth noting that the Mach 
number of the incoming flow, i.e., 
of the vehicle relative to the air, is a 
relatively unimportant parameter in 
this example. The Newtonian ap- 
proximation predicts that the pres- 
sure distribution is independent of 
M. Thus, (dU./dX), is not March 
number sensitive. This is a necessary 
feature for application of the shock 
tube for re-entry heat-transfer work, 
as the latter is a low March number 
device (Mach 3 maximum). 


Basic considerations of power re- 
quirements, stagnation chamber 
structural integrity, throat heating 
rates and high temperature behavior 
of models and instruments have led 
to novel facility design for high 
temperature studies. One heating 
method used successfully for blow- 
down tunnel operation” is a stor- 
age heater, such as a gas-fired peb- 
ble-bed pressure vessel. The air is 
forced through previously heated 
pebbles such as zirconium oxide 
(M.P. 4700°F) and then into the noz- 


Pebble bed type heating unit for Stanford hypersonic tunnel. 


zle, using proper cooling techniques, 
especially around the throat. Fig. 5 
(reference 14) shows in schematic 
form the heating unit for one of the 
high temperature facilities of the 
Stanford Aeronautical Engineering 
Department. As an example of its 
capabilities, we show in Fig. 6 a 
plot (given in reference 14) of the 
stagnation-point heat-transfer capa- 
bility as a function of Mach num- 
ber, with stagnation pressure (which 
determines Reynolds number) as 
parameter. Fig. 7 shows a schematic 
flow diagram for the Lockheed Hot 
Flow Test Stand now in the final 
design stages. The main heater H 
uses electrically-heated graphite to 
raise nitrogen to 5,000°F, with stag- 
nation pressures around 2500 psi. To 
simulate the composition of air, oxy- 
gen can be admixed subsequently. 
The figure shows aero and nuclear 
test sections in parallel merely to 
indicate that the facility will be 
used to study some aspects of the 
aerodynamics of ablation as well as 
to run tests on materials for nuclear 
engineering application. 


The principal advantage of facili- 
ties of the type just described in- 


clude high working densities, rea- 
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Figure 6. Stagnation point heat transfer coefficient 
vs. Mach number for heated hypersonic tunnel. 


sonably-long running times (of or- 
der of magnitude of a minute or so) 
and a satisfactory performance from 
view point of control and reproduci- 
bility of aero-thermodynamic condi- 
tions. An example of this is shown 
in Fig. 8, a schematic diagram of a 
stagnation pressure level control sta- 
tion for programing operation of the 


Lockheed Hot Flow Test Stand, in 
order to stimulate time variation of 
vehicle heat transfer over the trajec- 
tory. A servoamplifier is made to 
respond to the difference in signals 
generated by the _ pressure-time 
curve and the chamber transducer 
output. The servo’s output adjusts 
a pilot valve which, in turn, oper- 
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Hot flow test stand pressure level control system. 
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Figure 7. Flow diagram—hot flow 
test stand. 
ates a control valve in a fashion 


tending to nullify the servo output. 
A feedback potentiometer reduces 
the control valve overshoot. The 
high densities permit high heat- 
transfer rates ranging into the thou- 
sands of Btu per feet squared per 
second in spite of the modest stag- 
nation temperatures (see Figure 6.) 
It has proved possible to establish 
particularly high rates by use of the 
“shroud” technique which permits 
use of larger model sizes and higher 
test Reynolds Numbers within the 
framework of the body pressure 
simulation. The method’s §aero- 
dynamic applicability is limited be- 
cause of loss of simulation in the 
flow field, but it has proved quite 
useful in recent work.’ 

The most serious drawback to the 
facilities just described remains the 
low stagnation temperatures of un- 
der 5,000°R. As mentioned earlier, 
the limited Mach number capability 
of these tunnels is not an important 
drawback to stagnation-point heat- 
transfer measurements, but could 
raise questions in the interpretation 
of afterbody and wake measure- 
ments. 


The best known laboratory device 
for simultaneously simulating o 
surpassing stagnation temperatures 
and densities corresponding to hy- 
personic re-entry is the shock tube. 
Its variation, the shock tunnel, 
which tends to sacrifice density In 
favor of Mach number, is also well 
known. Peter Rose gives a compre- 
hensive discussion of shock tube re- 
search capability and related instru- 
mentation technology elsewhere in 
this issue. By use of running times 
of order of a fraction of a milli- 
second, the shock tube avoids the 
cooling problems associated with 
facilities of longer running time. Of 
course, such short times restrict 
somewhat the range of applications. 
For example, the shock tube 3 


ISA Journal 


























Figure 9. 





Lockheed shock tube 








(A), showing control panel (B), thermal 


film velocity measuring station (C), and film sputtering apparatus (D). 


practically of no use for studies of 
the high temperature behavior of 
materials. However, any review of 
the variety of gas dynamics studies 
made with the shock tube indicates 
that this device is perhaps the most 
versatile of all for physical research 
in the hypervelocity high-tempera- 
ture field. In addition to aerodynam- 
ics, the shock tube, or one of its 
close variations, has been success- 
fully used in chemical kinetics”, 
radiation”, and plasma dynamics” 
studies, as well as lower tempera- 
ture, non-steady, supersonic flow 
problems.” 


Fig. 9 shows the Lockheed Three- 
Inch High-Pressure Shock Tube, a 
stainless-steel precision device 
which has yielded useful heat-trans- 
fer information for the development 
work on the re-entry body of the 


Navy’s Polaris missile, in addition to 
useful research results in a number 
of areas. 


A variation of the shock tube/tun- 
nel device is that developed by the 
group at Cornell Aeronautical Lab- 
oratory” and referred to as the 
“wave superheater”. This consists of 
a Gatling-gun type of multiple 
shock-tube arrangement which ro- 
tates at high speeds, permitting suc- 
cessive discharge into a fixed 
nozzle section, with subsequent re- 
charging of each tube elsewhere 
in the cycle. This yields an essen- 
tially continuous shock tunnel flow. 
The pilot model has been success- 
fully operated by now. The larger 
model, using many megawatts of 
power, will be used for aero-thermo- 
dynamic testing of full-scale missile 
nose cones. 




















Figure 10, (Above). 





tion of hot-shot tunnel 














PEAK POWER: 
Schematic diagram of Lockheed MSD spark- 
heated “hot-shot” tunnel. Figure 11, (Right). High pressure sec- 
showing portion of condenser 
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A facility which shows consider- 
able promise is the spark-heated or 
“hot-shot” tunnel, first developed at 
the Arnold Engineering Develop- 
ment Center in Tennessee”. In this 
device, previously-stored electrical 
energy is transferred at an ex- 
tremely high rate to a small quan- 
tity of air in a small pressured arc 
chamber (see Fig. 10). Values of the 
resultant pressure and temperature 
may be as high as 50,000 psi and 
18,000°F, respectively. The air then 
expands through a nozzle to high 
speeds in the working section, the 
latter having been previously evac- 
uated. Typically, the equivalent 
Mach number may lie in the range 
15 to 20. With some further sacrifice 
in density, it is possible to acceler- 
ate air to escape velocities. The ex- 
istance of extensive dissociation al- 
ters appreciably the usual relations 
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Figure 12. Time integrated photo- 
graph of flow around hemisphere cy- 
linder in hot shot tunnel. The dark 
curved lines should be ignored: they 
are merely seams in the far wall. 


involving such quantities as Mach 
number, area ratio and stagnation 


conditions. However, these can be 
calculated. 
Fig. 11 shows the arc-chamber ex- 


pansion-nozzle configuration, as 
well as part of the condenser stor- 
age bank, of the Lockheed Hot- 
Shot Tunnel now undergoing cali- 
bration tests. Fig. 12 shows a time- 
integrated photograph of the flow 
around a hemisphere-cylinder in 
the tunnel. Apart from _ optical 
studies, the hot-shot lends itself 
more readily to conventional re- 
cording instruments because typi- 
cal flow times may run as high as 
40 milliseconds. Thus, multi-chan- 
nel CRO rotating-drum instrumen- 
tation is being employed to record 





simultaneously the output of sever- 
al pressure and temperature trans- 
ducers, and will be used also to re- 
cord strain-gage signals from a 
force balance. The fact that the high 
air velocities are associated with 
very high Mach numbers means that 
this instrumentation can be applied 
with some confidence to non-stagna- 
tion point studies such as boundary- 
layer transition, wake and_ base 
heating. On the other hand, the 
available energy is still insufficient. 
at these typically high flow veloci- 
ties, to yield test section densities 
corresponding to less than 150,000 
feet altitude, approximately. Thus, 
hot-shot is a high-velocity, high- 
stagnation enthalpy device, but not 
a high Reynolds number facility. It 
would, therefore, be more useful 
when applied to very high altitude 
(e.g., 300,000 feet) space vehicle re- 
entry problems rather than lower 
altitude (say 70,000 feet) ballistic 
missile re-entry measurements. 

In the Lockheed hot-shot tunnel, 
a discharge of 500,000 joules (500 
Btu) of energy into 30 cubic inches 
of air at moderately high pressure 
takes place during a period of 50 
microseconds. This represent 
mentary power input of 10,0U.,..- 
kilowatts, or 13 million horsepower. 
It is evident that stagnation condi- 
tions cannot be as clearly defined, 
say, as in a pebble-bed tunnel of 
moderately conservative design. 
Further, it is not clear how great 
the deviations from local thermo- 
chemical equilibrium become as the 
flow cools during rapid expansion 
into the working section. What is 
clear is that the calibration must 
include evaluation of the state of 
the flow approaching the model be- 
fore test results with the latter can 
be interpreted properly. 





An additional concern in operat} 
the hot-shot tunnel is the DOssibje 
presence of contaminants jp 
flow, consisting largely of mater} 
evaporated from the electrodes the 
pressure-chamber liner ang 
nozzle throat. Throat-heating Tates 
for example, have been compute 
by the AEDC group to be aroun 


1,000,000 Btu per square foot Der ? 


second, or roughly a thousand time; 
the peak ICBM re-entry nose-heat. 
ing rates. The fact that tungsten in. 
serts (melting point 6300°F) Ae used 
for the throat does not prevent some 
evaporation as evidenced by grag. 





| 


| 


ual widening of the throat with sy. 


cessive shots. Nevertheless, the high 
potentialities of the hot-shot type 
facility for aerodynamic research 
and test appear to warrant a Strong 
engineering attack with the aim ¢ 
improving its reliability. 

Turning from sparks to arcs, we 


may mention briefly that effort js | 


now being expended to heat directly 


air in the stagnation chamber of , | 


wind tunnel by passing it through 
an electric are discharge of sy. 
ficiently-high energy between prop- 
erly shaped electrodes. As in the case 
of the plasma jet, the heated ai 
passes through a nozzle throat, but 
proceeds into a closed working-sec. 
tion continuation of the nozzle rather 
than assuming the form of a com- 
pletely open jet. Evidently, the flow 
exhibits extremely-high stagnation 
enthalpy which combined with its 
moderately-long duration of a min- 
ute or so, makes it particularly 


suited to mass-transfer studies on | 


models in connection with current 
interest in the use of surface abla- 
tion as a heat “sink” for space and 
ballistic vehicles. Evidently, present 
operation of the device is not practi 
cal at high stagnation pressures. 

















Figure 13. 
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Test section 


of hot-nitrogen tunnel at Arnold Engineering Development Center. 


ISA Journal 


| 




















dition, there exist the pre- 
entioned problems of de- 
om chemical equilibrium 
w, and contamination by 
ted material. Fur- 
thermore, the temperature-measure- 
ment problem is a major one at 
90,000°R, or higher. The importance 
of the are tunnel for ablation studies 
stems from its ability to provide 
realistic values of the enthalpy po- 
tential” (hs-hw). Here, it would be 
particularly difficult to attempt to 
scale results obtained from lower 
stagnation temperatures. This is so 
because chemical reactions, which 
constitute a basic part of the phe- 
nomenon, are very temperature-de- 
pendent. 

A technique which achieves more 
modest stagnation temperatures, say 
up to 4000° R, but couples this again 
with high Reynolds numbers of sev- 
eral millions per inch in a range up 
to Mach 10, is the free-flight wind 
tunnel’. This facility, developed 
by the group at NACA-Ames, makes 
use of a gun-launched projectile 
fired upstream in a supersonic wind 
tunnel, with the result that the bal- 
listic and aerodynamic capabilities 
are combined. In a particular varia- 
tion of this technique, a projectile 
is fired from a high-velocity light 
gas-type gun into a tunnel whose 
variation in cross-sectional area 
downstream of the throat produces 
a “tailored” axial pressure and 
temperature distribution. The tailor- 
ing is so designed that the upstream- 
moving projectile experiences a 
time history of aero-thermodynamic 
environment which duplicates the 
heating per unit mass and thermal 
stresses associated with the atmos- 
pheric re-entry of a full-scale missile. 
The projectile is recoverable and 
can be analyzed for damage effected 
by the aerodynamic heating and 
thermal stress. The facility is aptly 
called a “re-entry simulator’”’.2? 
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INSTRUMENTATION, 
METHODOLOGY AND 
TECHNIQUES 


The major facilities described in 
the previous section have served as 
settings for a large variety of experi- 
ments, some rather unique, dealing 
with different phases of hypervelo- 
city heat transfer. They range from 
work of current engineering import- 
ance, such as direct heat-transfer 
measurements on tunnel models, to 
exploratory research in newer areas 
of high-temperature aerodynamics. 
An example of the latter would be 
the effects of strong magnetic fields 
on the transport properties of a 
flowing plasma in a discharge-type 
shock tube. Only a few examples 
will be discussed here as illustra- 
tions of the variety of experimental 
aspects of this field. 


As a first example, refer to Fig. 
13, which shows a test section de~ 
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ABLATION OF A MELAMINE - 
FIBERGLASS MODEL 


a. ABLATION 








omen COOLANT, HELIUM, ~ _ 
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b. TRANSPIRATION COOLING 
(coolant ejection through porous woll, 
coolant jets directed upstream through 
orifices ) 
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c. INTERNAL COOLING 
(natural convection with liquid metals, 
forced convection with endothermically 
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Figure 14. Aero-thermodynamic testing in hot-flow test stand. 


veloped at the AEDC for a hot-nitro- 
gen tunnel using electrically-heat- 
ed graphite and designed to operate 
up to stagnation temperatures of 
4,000°F and Mach numbers up to 10. 
The instrument rake in the figure 
shows two probes, the smaller one 
for stagnation pressure, the other 
for stagnation temperature. These 
probes are fabricated from tantalum, 
molybdenum or Inconel tubing, de- 
pending on the temperature level. 
The temperature probe houses a 
spiral-wound iridium-rhodium 
thermocouple which extends inside 
to a point midway between the in- 
let and outlet parts. In principle, 
this instrumentation is not sensibly 
different from that of lower temper- 
ature wind tunnels, except that ac- 
curacy may be somewhat less. Fig. 
14 illustrates schematically the var- 
iety of aero-thermodynamic experi- 
ments that are of current interest 
and can be performed following cali- 
bration of the test section in ques- 
tion. 

Turning to the shock tube, we 
have in Fig. 15 some early results of 
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Figure 15. Preliminary results of 


stagnation point heat transfer measure- 
ments in ionized argon. Lower curve 
represents the theoretical prediction 
for the unionized gas. 
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Figure 16. 


Interferogram of supersonic flow around a 


cone cylinder in a homogeneous jet of Mach number 1.7. 


stagnation-point heat-transfer mea- 
surements in a partially ionized gas 
(argon) now being obtained in the 
Lockheed three-inch high-pressure 
tube. Results are compared with 
predictions of the Fay-Riddell 
Theory” assuming equilibrium flow 
and using the transport properties 
of unionized argon. It appears that, 
when ionization of the argon be- 
comes significant (about a_ shock 
Mach number of 8), measured heat- 
transfer rates begin to rise marked- 
ly above the predicted rates. Be- 
cause the ionization produced vol- 
tage signals on the surface-film” 
resistance thermometer which tend- 
ed to mask the thermal signals, it 
was found necessary to make cor- 
rections. Two alternative methods 
were tried, both of which succeeded. 
One method consisted in placing a 
thermally-insensitive strip of con- 
stantan of similar dimensions and 
similar electrical properties in a 


symmetrical location on the model, 
and then “bucking” its output 
against that of the plantinum mea- 
suring strip. In this way the electri- 
cal signals were cancelled. 


The next example is chosen from 
the field of chemical kinetics which, 
as we have seen, plays a major role 
in high temperature gas dynamics. 
Experiments have been performed 
in the Lockheed chemical kinetics 
shock tube on the dissociation rate 
and also the vibrational relaxation 
time of shock-heated nitric oxide. A 
spectro-photometric technique used 
with a mercury-xenon arc lamp per- 
mits quantitative measurement of 
the absorption of one of the nitric 
oxide gamma bands. Since this lies 
in the ultra-violet, a quartz shock- 
tube section is required. Current re- 
sults for the vibrational relaxation 
are in serious disagreement with the 
current theory of Schwartz, Slawsky 
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Figure 17. 


Schematic diagram of the Lockheed magnetically-driven high- 


temperature impulse tunnel, powered by the half-miilion-joule condenser bank. 
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and Herzfeld. Robben finds tha 
the transition probability, Pi-o, fy 
de-exciting an NO molecule sl 
4 x 10-4 rather than 10% aS th 
theory predicts. 


High temperature aerodynam 
research has also stimulated f 
study of optical methods for fi. 
analysis. It would, for example 4 
highly desirable to apply the Mach, | 
Zehnder interferometer" for | 
alysis of density fields around mo 
dels in hypersonic flow, from whig 
temperature profiles and heat traps. | 
fer could then be inferred. Fig. \f 
shows a _ supersonic-flow _ interfe. 
ence-pattern around a cone cylinder 
at Mach 1.7.” However, dissocigt 
ing and ionizing gas, or combustig, | 
with or without surface ablation | 
lead to multi-component bounday 
layers, some of whose refractiyity 
constants are not known. This matte 
is currently under study, particulg. 
ly by a group of the GE. Researg | 
Laboratories”. The most interesting 
aspect of their results thus far is th | 
indication that optical interfer. | 
metry has the capability of meagsy. 
ing electron densities in a plasm 





As a final example, let us examin 


an experiment in which the possibil- | 


ity of obtaining heat-transfer infor. | 
mation at temperatures around 10)- 
000°K or higher, which is an orderof 
magnitude higher than anything ob- 
tained with more conventional shock 
tubes. The apparatus, called an in- 
pulse tunnel, is shown in Fig. I] 
The geometry is such that magnet 
forces help to accelerate the hot 
flow behind the travelling shock 
wave; the mechanism involves 3 
combination of the pinch effect ani 
the shaped-charge technique of pro 
ducing high-speed jets. The idea is 





to obtain an ultra-high-speed, high 


temperature “slug” of gas of suffi | 


cient uniformity for use in gas dy- 


namics studies, including heat trans | 


fer. For a blast-wave type of shock 


one expects that the shock velocity | 


varies with distance X from the 
source as X-*. The fact that m 
such attenuation has been measured 
from streak photographs” is a goo 
indication that a fairly-uniform Ie 
gion does exist. This possibly maj 
be explained by the evaporation d 
some material from the electrodes 
and adjacent insulation, resulting 
a constant pressure-type of driving 
mechanism. Fig. 18 represents 3 
curve of discharge current versis 
shock velocity. Since the energy I 
put is proportional to the currel 
squared, and the gas dynamic energy 
varies with the square of shock vel 
city, one would expect a straight 
line relationship. The two lines rer 
resent different estimates of ratié 
of magnetic to thermal “push”. Tht 
measurements appear to follow % 
general linear pattern within th 
limits of scatter. It is of interest ® 
note that the very-high shockspeets 
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13. Ferri, A. and Libby, P. A., 


obtained here correspond to Mach 
numbers well in excess of 100. — 

The work just mentioned is in an 
exploratory phase. Further progress 
partially depends on improvements 
in measuring techniques. The high- 
temperature gas dynamics area 1s 
undergoing rapid state-of-the-art de- 
velopments. It is likely that an arti- 
cle of this sort written five years 
from now, would emphasize a rather 
different spectrum of experimental 
facilities and techniques. 
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Plot of discharge current vs. shock velocity for impulse 
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Shock Tube Research 








in Hypersonic Aerodynamics | 


Avco Research Laboratory, Everett, Massachusetts 


The shock tube is discussed as a 
research tool for solving some of the 
problems associated with atmos- 
pheric hypersonic flight. The range 
of simulation and instrumentation 
which has been developed is sum- 
marized. Results which have been 
obtained from these techniques are 
given and their relevance to the 
hypersonic flight problem is em- 
phasized. 


INTRODUCTION 


WITH HYPERSONIC FLIGHT in 
space an established reality, atmos- 
pheric hypersonic flight presents a 
vexing problem. Already airplanes 
and missiles are flying at supersonic 
Mach numbers high enough to cre- 
ate thermal and materials problems. 
Due to the increasing air friction as 
flight velocities become _§ greater, 
these problems become extremely 
critical. But at hypersonic velocities 
such as are encountered by re-enter- 
ing ballistic missiles and satellites, 
a new and different class of aero- 
dynamic problems is created. It is 
in the experimental approach to 
these problems that the shock tube 
has found its greatest use. 


At normal temperatures, molecules 








have a certain amount of _in- 
ternal energy by virtue of their 
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translational and rotational motion. 
In flight, at approximately ten times 
the speed of sound, the kinetic en- 
ergy is sufficient so that some of 
the so-called inert degrees of free- 
dom of the air molecules start to be 
activated. As the energy level in- 
creases with higher speeds, vibra- 
tional energy levels become excit- 
ed; and at still higher speed, mole- 
cules dissociate into atoms (thereby 
absorbing the potential energy of 
recombination). At satellite velocity, 
the air is composed of many differ- 
ent species, such as_ molecules, 
atoms, ions and electrons. It is this 
complication of the thermochemical 
state of the air in which we fly that 
creates and complicates many of the 
problems of atmospheric hypersonic 
flight. 

In classical aerodynamics, the 
problem of simulating a_ physical 
situation can be reduced to repro- 
ducing certain non-dimensional 
parameters, such as the Mach num- 
ber and the Reynolds number. In 
experiments, one never had to con- 
sider the thermodynamic state of the 
air; and in analysis, the classical gas 
law always sufficed to relate two or 
more physical properties. High 
temperature air does not lend itself 
to such simplifications. The equilib- 
rium composition and energy dis- 
tribution among the several degrees 


uate work at the Graduate School of 
Aeronautical Engineering at Cornell 
where he received a Master of Aero- 
nautical Engineering Degree in 1953. 
His thesis, a photometric study of the 
radiation from high-temperature argon 
produced in a shock tube, was conduct- 
ed under Dr. A. Kantrowitz. 

The author worked for the Aerody- 
namic Research Group of the Douglas 
Aircraft Company until early 1955, 
where he was concerned with research 
and development in the field of inter- 
nal aerodynamics. In March 1955, he 
rejoined Dr. Kantrowitz to help estab- 
lish the AVCO Research Laboratory. 
At the AVCO Research Laboratory Mr 
Rose has been active in many phases 
of hypersonic aerodynamic research, 
particularly in the utilization of experi- 
mental tools such as shock tubes. He 
has published a number of papers on 
the results obtained from shock tubes 
and the techniques involved in this 
type of experimental research. 





of freedom must be calculated frop 
statistical mechanics;’** and a. 
alytical expressions are, at best, ap. 
proximations over very small varia. 
tions of properties. 

This complication also carrie 
with it a very serious experiments 
difficulty. Basically this diffeulty 
is the fact that, without imparting 
the proper specific energy to a gx 
the proper thermodynamic § state 
cannot be achieved. At satellite vel. ; 
ocities, over 60% of the energy js} 
invested in the inert degrees of free. | 
dom. In performing experiments ip 
which the air interaction with 3 
hypersonic vehicle flying at this 
velocity is under investigation, on 
of the important simulation parame 
ters is obviously the thermodynamic 
state. This means that the enthalpy 
must be reproduced. Without this 
simulation some of the dominating 
effects might not be duplicated. 

The shock tube can be shown ti 
be a very convenient device fa 
creating in the laboratory on 3 
small and economical scale a sample 
of air in which the important simv- 
lation parameters can be satisfied’ 
Actually, a shock tube is not unlike 
a blow-down wind tunnel, however, 
one that operates for very shot 
times only. In the shock tube, it # 
not the expanding high-pressure ga 
which is the test medium, but rather 
the gases initially in the long tuk 
connecting the high-pressure g@# 
and the vacuum tank. This gas § 
pushed by the expanding high-pres 
sure gases. This push is accom 
plished by a shock wave created by 
rupturing the diaphragm. The shotk 
wave propagates into the tube, heat 
ing, compressing and setting the gas 
into motion at very high velocities 
It is the quasi-steady state 
through which the shock wave hé 
passed, that flows along the tuk 
ahead of the expanding driver ga& 
es, which can be used as the t& 
gas for conducting hypersonic aef 
dynamic experiments in shock tube 
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ENVIRONMENT 


The conditions that can be 
achieved in a shock tube vary yr 
large ranges and are influenced by 

number of parameters. The most 
critical restriction is the strength of 
the shock wave which can be creat- 
ed. For producing strong shock 
waves, the combustion of chemical 
fuels such as oxygen, hydrogen and 
helium in a confined driver appears 
to be the most successful technique. 

By this method, the shock velocities 
shown in Figure 1 can be achieved. 
The driver pressure limit of 10,000 
psi after combustion is a practical 
value. 

The shock velocities shown in 
Figure 1 can be translated into stag- 
nation temperatures and pressures. 
These are shown in Figure 2. If the 
stagnation temperature (or more 
correctly, the enthalpy) and pres- 
sure (or density are correctly du- 
plicated, then the thermochemical 
state is reproduced in full. Thus, 
the stagnation conditions which are 
encountered in hypersonic flight 
find their counterpart in some op- 
erating condition in the shock tube 
at which the thermodynamic con- 
ditions are exactly reproduced. Such 
a combination represents proper 
stagnation-point simulation and is 
shown in Figure 3. This plot should 
be interpreted as giving the shock 
tube conditions (on the superim- 
posed plot) that exactly duplicate 
the flight situation (on the base 
scales). It can be seen that many 
of the interesting ranges of the 
presently-contemplated applications 
are covered by practical shock-tube 
conditions. Note that complete simu- 
lation has been achieved without 
consideration of Mach number. 

In order to simulate higher alti- 
tudes, an expansion nozzle can be 
added to a shock tube. This com- 
bination generally has been re- 
ferred to as a hypersonic shock tun- 
nel.6 Figure 4 shows the altitudes 
which can be simulated by the addi- 
tion of expansion nozzles of various 
area ratios. Note that for significant 
gains, area ratios in the order of 100 
are necessary. 

The hypersonic shock tunnel has 
most frequently been utilized to ob- 
tain simulation of Mach number in 
addition to the parameters which 
are reproduced in the straight shock 
tube. It appears at first glance that 
Mach number becomes an important 
parameter as points other than the 
Stagnation point are considered. 

To discuss simulation of condi- 
tions on bodies at points other than 
the stagnation point, several aspects 
of hypersonic flight first must be 
pointed out. Heat transfer consider- 
ations dictate that vehicles de- 
signed for operation in this flight 
regime have blunt noses. Conse- 
quently, strong, normal shock waves 
will be located in front of such 
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Figure 1. Limiting shock velocities (Mach numbers) which can be produced by com- 
bustion of oxygen, hydrogen and helium in a shock tube whose driver is structurally 
limited to 10,000 psi. The velocities achievable by 2,000 psi of hydrogen are shown. 























bodies flying through the atmos- the normal shock limits the Mach 
phere. This is an important point number to which the air is expand- 
because the Mach number at the ed after stagnating on the missile 
shoulder of a hemispheric cylinder nose. This is another example of the 
which is flying at Mach numbers as reduced significance of flight Mach 
high as 20 will be smaller than 4. number as a simulation parameter 
The large total pressure loss across in truly hypersonic flight. 
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Figure 2. Stagnation pressure and temperature limits pro- 
duced by the limiting shock velocities described in Figure 1. 
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Figure 5. Reynolds number and degree of dissociation achievable with 
turbulent heat transfer experiments in a straight shock tube in the zero 
pressure gradient region aft of the shoulder of a hemispheric-cylinder model. 
The stagnation enthalpy simulation under these conditions is also shown. 
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Figure 4. Extension of the altitud 
ranges which can be simulated by th 
use of an expansion nozzle with th 
shock tube. Lower altitudes can jy 
achieved by use of a greater initig 
pressure. 


In the shock tube, the exact Mach 
number distribution over bodies js 
the most difficult parameter p 
simulate. However, for the abop 
reasons, this simulation is not of pri. 
mary importance. Mach number dis. 
tributions are actually duplicate | 
quite closely even in a straigh 
shock tube without a nozzle 4 
maximum flow Mach number ¢ 
about three is achieved in a straight 
tube. This value can be shown tok 
quite satisfactory for many investi. 
gations, and can be exceeded only # 
the expense of considerable con- 
plexity. The added complication ¢ 
a nozzle does not appear to warrant 
the small gains in simulation im 
provement. The more significant 
parameters, such as the thermody- 
namic gas state, the wall cooling 
ratio, the gas enthalpy, all are re 
producible exactly. Figures 5 andé 
show the degree of dissociation, en 
thalpy ratio between the free stream 
and wall, and wall cooling rang 
accessible in a straight shock tube 
The region of zero pressure gradient 
aft of the shoulder on a hemisphere 
cylinder is considered. 

At first glance, the short time dt 
ration of a shock tube experimen 
may be thought to be insufficient 
conduct anything but the most ee 
mentary investigations. However, 
such complex aerodynamic phenom 
ena as wakes, separation, and trans 
tion phenomena all have been sut 
cessfully investigated in shock tubes 
The short steady flow time dul 
tions in a shock tube may represeft 
many, as much as_ 100, transi 
times. (The time required by a # 
particle to flow the length of om 
body is defined as a transit time). 
Wakes, separated regions, boundafy 
layers, etc., can be expected # 
achieve equilibrium configuratiow 
in times of the order of five tran’ 
it times. 

Another field of gas dynamic 
search pertinent to hypersonic fligt 
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is the determination of the physical 
roperties of high temperature air 
om other gases. The outstanding 
roblems in this group are the ra- 
diation (because of its transport of 
energy), the chemical reactions (be- 
cause of their effects on the flow 
field), and the electrical properties 
of the gas (because of their influ- 
ence on communications). For stud- 
ies of these properties the shock 
tube’s ability to tailor the thermo- 
dynamic conditions make it an ideal 


simulator. 


TECHNIQUES 


In order to accomplish meaning- 
ful experiments in shock tubes, 
many new techniques have been de- 
veloped. Boundary layers and heat 
transfer problems have been stud- 
ied by two types of resistance 
thermometers with extremely fast 
response. The thin film thermome- 
ter essentially monitors a surface 
temperature history*’*”’. The cal- 
orimeter or thick heat transfer gage” 
absorbs heat and thereby changes its 
temperature or resistance. Both 
types of gages have been used suc- 
cessfully in shock tubes, but the 
calorimeter appears to have signifi- 
cant advantages for use at very-high 
heat transfer rates. 

Pressure instrumentation has not 
been employed as a primary meas- 
urement in many shock tube in- 
vestigations. The main difficulty as- 
sociated with measuring pressure is 
the extreme time response demand- 
ed from the measuring system. Com- 
mercial instruments with 40 kc nat- 
ural frequencies are _ available. 
Many investigators, however, use 
homemade piezo-electric transduc- 
ers and time responses of about 5 
usec have been achieved.” 


Density measurements have been 
performed by interferometry in 
supersonic wind tunnels and shock 
tubes. At very-high temperatures, 
interferometry is complicated by 
uncertainties in the optical index of 
refraction, as well as by the inten- 
sity of the emission of the radiation 
from the hot gases. The absorption 
of X-rays has been utilized as a 
technique for obtaining air densities 
in shock tubes. A collimated beam 
of X-rays is created across a shock 
tube section. The number of X-rays 
arriving at the opposite side of the 
shock tube are counted by a scintil- 
lation detector, whose output is 
monitored by a photomultiplier. The 
density of the air interposed in the 
beam of X-rays determines the 
number of X-rays absorbed. In or- 
der to cover a significant density 
Tange, various anode materials must 
be used in the X-ray tubes. For this 
Purpose, aluminum-anode X-ray 
tubes have been developed”. 

Much insight into aerodynamic 
phenomena can be gained from op- 
tical observations of the flow. In 
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Figure 6. Wall cooling as indicated 


by the ratio of the enthalpy in the 
free stream at the boundary layer edge 
to the gas enthalpy at the wall. The 
corresponding free stream gas tem- 
perature and temperature ratios (free- 
stream-to-wall) are also shown. 


RIGHT— 


Figure 7. Repetitive Schlieren pic- 
tures taken on a drum camera. The 
pictures are spaced about 60 usec 
apart and can be timed accurate to 
less than one sec. Note the wake 
angles behind the shoulder and the 
fact that the angle is steady over a 
separated region. 


BELOW— 


Figure 8. Pressure distribution cal- 
culated from Mach angles measured 
on a Schlieren picture of the flow 
over a_hemisphere-cylinder model. 
Each point represents a measurement 
of an angle of a Mach wave. 
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Figure 10. Distribution of laminar heat transfer over the spher- 
ical part of a hemispheric-cylinder model.’ Experiments per- 
formed at conditions simulating approximately 20,000 ft/sec. 





shock tubes, shadowgraphs — 
particularly Schlieren pictures _ 
have been used. The problems pe. 
culiar to shock-tube Schlieren Dho. 
tography generally center about the 
requirement for an extremely.ip. 
tense, yet very-short-duration light 
source. The degree to which these 
requirements are critical varies With 
the particular application, Repeti. 
tive Schlieren pictures have 
taken by several methods. One suc 
system utilizes a drum camera and 
independent condensers discharging 
into a single light-source spark gap, 
Four pictures are obtained, space 
at any time interval accurate to , 
fraction of a microsecond. A set of 
four pictures of the flow over , 
hemisphere-cylinder is shown jg 
Figure 7. 

Schlieren photography has bee 
used to measure pressure distriby. 
tions in shock tubes. If the surfag 
of a model is roughened slightly 
weak waves will emanate from the 
disturbances in the supersonic floy, 
From these Mach waves, the loca 
Mach number and, consequently, the 
local pressure can be calculated 
Figure 8 shows such a Schlieren 
picture and the resultant calculate 
pressure distribution. 


Many other experimental tech- 
niques, not too familiar to the aero- 
nautical engineer, play an important 
part in hypersonic shock tube r- 
search. Variations of spectrographs 
have been employed to identify and 
study emitted radiation from both 
hot gases and hot surfaces. Absorp- 
tion spectroscopy has been used to 
trace particular components through 
chemical reactions and changes of 
state to gain insight into reaction 
kinetics. Calibrated photomultiplier 
and radiation bolometers have als 
been employed in the study of the 
radiative properties of high-temper- 
ature air. At very-high temper 
atures, air becomes a fairly good 
conductor of electricity. This prop- 
erty can be used to advantage in 
measurements employing magnetic 
fields and probes. The electrical 
conductivity of gases and the ioni- 
zation process have been studied by 
these techniques. 


but 


RESULTS 


Much shock tube research has 
been carried out on classified pr 
jects over the past few years. A 
number of these investigations have 
now been declassified and can b& 
discussed. Heat transfer rates at the 
stagnation point of blunt bodies 
have been measured at velocities 
exceeding the satellite velocity, 
26,000 ft/sec.’ This investigation co 
ered an altitude range of 20,000 © 
120,000. The agreement of these & 
periments with the theoretical pre 
diction of Fay and Riddell” allow 
extension to many other condition 
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data compared to the above 


js y are shown in Figure 9. 


theor 


Laminar heat - transfer distri- 
butions over several blunt bodies of 
revolution have also been investi- 
gated.” ” It was found that the- 
ories based on local similarity can 
predict laminar heat-transfer dis- 
tributions within the accuracy of the 
experiments. Some deviations have 
been found near sharp corners where 
the theory should not be expected 
to apply. Laminar heat-transfer dis- 
tributions over a hemisphere-cylin- 
der model are shown in Figure 10 
and over a_blunter shape in 


Figure 11. 


By making heat-transfer measure- 
ments, boundary-layer transition 
has been observed in shock tube ex- 
periments and the turbulent bound- 
ary layer has been investigated. A 
plot of non-dimensionalized heat 
transfer against Reynolds number, 
Figure 12, clearly indicates the tran- 
sition point in data taken in a re- 
gion of zero pressure gradient on a 
cylindrical body. Turbulent heat- 
transfer rates have been measured 
over a range of Reynolds numbers 
and free-stream-to-wall enthalpy ra- 
tio.” It was found that the data can 
be correlated best by the simple 
incompressible relationship if a 
smell correction is made for the ef- 
fect of dissociation. The measured 
data are compared to predicted val- 
ues in Figure 13. 


The heat transfer in the wake be- 
hind a blunt body has been investi- 
gated." The main question cen- 
tered about whether sufficient time 
was available in a shock tube to 
reach a steady state for this type of 
flow. One of the earliest Schlieren 
pictures of the flow over a body 
mounted from a rear sting showed 
a very-strong ring-vortex at the 
shoulder during the first few micro- 
seconds after: the normal shock had 
passed the body. This ring vortex 
can be seen in Figure 14. In view of 
later data, which showed the flow 
geometry to reach a steady value ex- 
tremely quickly, it was felt that this 
vortex plays an important part in 
filling the wake region more rapid- 
ly than anticipated. After steady 
state had been established heat- 
transfer measurements were per- 
formed. It was shown that in the 
separated region the heat transfer 
was reduced by a factor of 2 and 3 
for laminar and turbulent flow re- 
spectively. On the sting behind the 
reattachment point, the heat-trans- 
fer results agreed with other turbu- 
lent measurements. These data are 
shown in Figure 15. 


The radiative properties of high 
temperature air have been defined 
from spectrographic and calibrated 
monochromator measurements” in 
shock tubes. The measured and the- 
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Figure 11. Distribution of laminar heat-transfer over a blunt, flat-nose body.” 


oretical spectral distribution of this 
radiation is shown in Figure 16. The 
prominent radiating systems have 
been identified as NO, Ne and O 
and their “f’” numbers or oscillator 
strength have been estimated from 
the measurements. Figure 17 shows 
the relative contribution to the total 
intensity of the important systems. 
The density and temperature de- 
pendence of radiation have been es- 


tablished so that reasonable esti- 
mates of radiative heating can be 
made for hypersonic vehicle designs. 


The electrical conductivity of high 
temperature air also has been meas- 
ured.” It was shown that, at 15,000° 
F, air has a conductivity which 
is comparable to the conductivity 
of sea water. The results of shock 
tube measurements to establish this 
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Figure 12. Reynolds number dependence of the non-dimension- 
alized heat transfer data (Nusselts number) indicating the tran- 
sition from laminar to turbulent Reynolds number dependence-” 


77 


























NORMALIZED HEAT TRANSFER 4/Re,°%® 



















am 
44 st 4 
ECKERTS REFERENCE Fi 
ENTHALPY METHOD NC ae / 
U sie 
—t 4/0; 
24 
rie 
Cy/Ce; =14+0.4 hp/he 
io* 4 
8 | “f= 0.0296 re 
6 + 
4 WITH BOUNDARY LAYER TRIP 
4, 8 Re,=2.90 (10%) x 10° 
; © WITHOUT BOUNDARY LAYER TRIP 
Re, =75 ( 210%) x 10° 
24 
FRACTION OF ENERGY IN DISSOCIATION hy /h, 
-5 fe) 5 3; 38 44 
10 + : + . + ~ + . + 
10 20 30 40 50 
FREE STREAM TO WALL ENTHALPY RATIO- he/hy 
Figure 13. Effect of enthalpy ratio and dissociation on normalized turbu- 


lent heat-transfer data.” The agreement of these data with the simple in- 
compressible relationship and its slight divergence as the degree of dissocia- 
tion becomes significant is indicated. The best empirical fit is also shown. 




















Figure 14. Schlieren photograph of the flow over a blunt sting 
mounted body eight microseconds after the normal shock had passed the 
corner. Note very strong ring-vortex at corner in the separated flow. 
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conductivity are shown in Fi 


18. The consequences of this fact oy | 


the propagation of electro-magneti, 
radiation are many fold. 

Finally, the chemical Kinetics 
air and the approach to thermody. 
namic equilibrium have been in. 





vestigated in shock tubes."” yj 
brational relaxation of both OXygen 
and nitrogen molecules have been 
observed. The dissociation of the 
oxygen molecules is the predominay 
chemical effect in many hypersonie 
flight problems. Data have been 
collected which allows definj. 
tion of the region in which equilip. 
rium of the oxygen dissociation 
process is not achieved at a typicy 
point on a body, such as the stagng. 
tion point. Such regions are show 
in Figure 19. The details of the djs. 
sociation and recombination proces. 
es are still under investigation, 4 
complete understanding of the floy. 
chemistry sufficient to allow incl. 
sion of relaxation effects into floy. 
field calculations still is not ayaj}: 
able. Much shock tube research stil] 
is directed at solving these problems, 


Another interesting applicaton o 


the shock tube is in the application 


of magneto-hydrodynamic (MHD) 
principles to flight. MHD is the term 
given to the vast field of science jp- 
volving interaction between ionized 
fluids and magnetic fields. It spans 
the fields from astro-physics to m- 
clear reactions and hypersonic flight, 
Some of the first quantitative ex- 
perimental work in this field has 
been accomplished in simple shock 
tubes.” As an example of a possible 
application to hypersonic flight we 
have built a coil into a model which 
is mounted in a shock tube as shown 
in Figure 20. The effect of the inter- 
actions of the magnetic field (due 
to current flowing in this coil) and 
the ionized supersonic flow of gas in 
the shock tube is shown in Figure 
21. The upper picture represents the 
flow geometry without field, ie., no 
current in the coil. The lower pic- 
ture is from an identical experiment 
except with current flowing in the 
coil. The change in the flow field is 
evident. The body with field looks 
like a larger body and consequently 
will have different drag and trajec- 
tory characteristics. Its heat trans- 
fer will also be changed. This abil- 
ity to influence flow fields without 
physical contact opens a whole new 
field of research and development 
for application to hypersonic flight 

The above cited results indicat 
the vast scope of shock tube re 
search applicable to hypersonic 
flight problems. Data obtained 1 
shock tubes presently stand alone it 
the flight velocity range above 
Mach 12. Some verifications of the 
shock-tube heat-transfer results 
have been achieved in flight test 
of missiles and models at speeds 
below this value. However, flight 
test data to date are not clear and 
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retable. A few problems 
tudied in ballistic 
ed with hypervelocity 


easily interp 
also have been s 


ranges equipp 


chers. 
7 ranges available to present- 


xperimental equipment are 
yoy . Figure 22. However, at 
speeds where the phenomena pecu- 
liar to hypersonic flight become the 
minant factors, any present- 
day vehicle design will have to rely 
heavily on shock tube research. 
Some data may be obtained from 
arc-type wind tunnels in the fu- 
ture.’ However to date only the 
shock tube has been able to produce 
data based on verified calibrations 
with reasonable theoretical compar- 


isons. 
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OSCILLATOR STRENGTH EMISSIVITY 
SOURCE f- NUMBER €e/L (%/cm) 
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TOTAL THEORETICAL EMISSIVITY 5.1 
5.7 


TOTAL EXPERIMENTAL EMISSIVTY 








Figure 17. Table of relative contribution of the various 
important radiating systems to the total radiation from 


high temperature air. (T 


— 8000°K, p/- 


= 085.) 
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Figure 18. Results of shock tube 
measurements of the electrical con- 
ductivity of high temperature air using 
the displacement of magnetic field 
lines as a sensor.” 


Figure 19. Thermodynamic state of 
air at the stagnation point (outside 
boundary layer) of a one-foot nose- 
radius sphere as calculated from shock 
tube data obtained by ultraviolet ab- 
sorption spectroscopy. 
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Figure 20. Coil and model geometry 
for magnetic field experiment, conical 
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Figure 22. Map of different flight regimes and some of the crit- : 
ical physical phenomena which predominate each area. Note . 
the region explored by the present-day research aircraft in s 
the lower left corner. Temperature lines refer to radiative equi- 5 
librium between heating air and skin surface temperature. ¢ 
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implications of this type of interaction 
are many fold and could theoretically 
be used to solve some of the hyper- 
sonic flight problems. 
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Pressure Transducers 
for Missile Testing and Control 


by Dr. Yao Tzu Li 


Associate Professor, Aeronautical Engineering Department, Massachusetts Institute of Technology 
and President, Dynamic Instrument Company. 


This paper introduces three basic 
types of pressure transducers de- 
signed for missile and rocket test- 
ing and control. The first type is de- 
signed to give excellent temperature 
stabilization together with inter- 
changeable characteristics. The sec- 
ond one is a watercooled unit with 
a double-spiral diaphragm to assure 
uniform and_ effective cooling 
against burnout in the worst scream- 
ing rocket operating conditions, and 
to give an output signal with low 
thermal drift. The third type has an 
uncooled flush-mounted diaphragm 
with remarkably high stability 
against transient temperatures. A 
brief discussion of dynamic cali- 
bration technique is also included. 


INTRODUCTION 


DESIGN PROBLEMS of a suit- 
able pressure transducer for a given 
application always have been asso- 
ciated closely with the environment- 
al conditions of the application. The 
problems have multiplied as the 
power density of the pressure med- 
ium has increased from hydraulic 
to steam, to gasoline, and now to 
the rocket super-fuels of today. Be- 
cause of the complexity and the 
safety requirements involved in con- 
ducting a test and controlling a 
rocket or missile, the use of electri- 
cal transducers has become a neces- 
sity for the associated measure- 
ments. Hundreds of transducers are 
frequently used in one well-organ- 
ized test stand. This large quantity 
of transducers imposes the desir- 
ability for interchangeability. This 
requirement greatly increases the 
performance requirements of the 
transducer while the environmental 
conditions become increasingly 
worse. To cite a few examples: the 
temperature requirements range 
from the combustion-chamber tem- 
peratures of 5000°F to the liquid- 
oxygen temperature of -300°F; the 
vibration may be as high as 50 “—-—': 
the corrosive action of the media in- 
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cludes that of such violent chemi- 
cals as fuming nitric acid, fluorine, 
or hydrogen peroxide; unexpected 
explosions may occur anywhere in 
the system, so that a transducer in- 
tended to measure a low pressure 
must be able to stand the high pres- 
sure due to explosion. In addition 
to all these factors, miniaturization 
is always a desirable characteristic 
with no lower limit. 

Transducers are necessarily used 
as part of a recording system, which 
involves amplifiers and recorders. 
The selection of a transducer is of- 
ten dictated by the availability of 
amplifiers. When the drift and noise 
level of amplifiers are high, carrier 
systems or transducers with high 
output-signal levels are desirable. 
Capacitance gages, with their car- 
riers, inductance gages and poten- 
tiometer gages with their high out- 
put-signal level, and various other 
types of gages have each enjoyed 
certain favorable positions when 
vacuum-tube amplifiers are used. In 
comparison, the strain gage is a low- 
signal output device. The situation 
now has been altered by the advent 
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of low-drift, low-noise transistor am- 
plifiers. At the same time, the feas- 
ible output of the strain gage has in- 
creased by a factor of two or three. 
For instance, one type of transistor 
amplifier has drift in the order of 3 
microvolts per hour with the stand- 
ard deviation of the noise being 
about the same value. This repre- 
sents one part in 30,000 for a strain 
gage with 100-millivolt full-scale 
output. 


With the low output limitations 
removed, other advantages of the 
strain gage transducer become more 
illuminating. Electrically, it is more 
flexible than the electrostatic or in- 
ductive types, because both a-c or 
d-c systems can be used with the re- 
sistive strain gage. When transdu- 
cers with interchangeable capabil- 
ities are required, trimming of the 
balance and sensitivity of a strain 
gage is relatively easier than for the 
other types of gage. Among resist- 
ance-type transducers, the strain 
gage seems to be better than the 
potentiometer because of its infinite 
resolution, light weight, small size, 
and endurance. 
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Figure 1. Schematic diagram of a 
simple unbonded strain-gage pressure 
transducer. 


TEMPERATURE EFFECTS 
OF PRESSURE TRANSDUCERS 


For high-temperature applica- 
tions, an unbonded-type strain gage 
seems to be better than the bonded 
type. This is true also when the 
transducer is used under a heavy 
atomic radiation environment, 
which has a tendency to break down 
the bonding material. The output 
signal of an unbonded type is usual- 
ly higher than the bonded type. This 
is particularly true for transducers 
of the lower input range. The bond- 
ed type, however, may show better 
temperature compensation because 
of the intimate contact of the strain 
gage windings with the structure of 
the instrument. This advantage is 
more pronounced when the two 
compensating active windings cover 
the same portion of the elastic struc- 
ture member. 





On the other hand, a conventional 
unbonded strain-gage transducer, as 
depicted in Figure 1, is very sensi- 
tive to temperature effects and, in 
particular, to temperature gradient. 
This type of transducer has a simple 
diaphragm as the structural mem- 
ber and a strain gage mounted be- 
hind the diaphragm to detect the de- 
flection due to the applied pressure. 
Gages like this may show a false 
reading equivalent to 100% of full 
scale output when the diaphragm of 
the gage is cooled or heated sud- 
denly. In most cases, however, the 
reading will eventually return to 
within one or two percent of the 
original value after 20 or 30 min- 
utes. This recovery time is, unfor- 
tunately, too long for many applica- 
tions. A steady-state drift due to 
temperature change usually can be 
compensated by the use of some re- 
sistance wire which produces re- 
verse drift characteristics. This tech- 
nique, however, is not suitable to 
compensate for transient drift ef- 
fects. Effective compensation with 
either resistance wire or by any 
other method can be accomplished 
only when similar temperature gra- 
dients exist among all compensating 
elements. 

A strain-gage  sensing-element 
with a set of four active arms ar- 
ranged in a Wheatstone bridge is a 
well-known compensating configu- 
ration. This arrangement would give 
effective transient-error compensa- 
tion if the temperature gradient be- 
tween each of the four arms and 
the heat source remained the same 
during the temperature transient pe- 
riod. This ideal condition is not at- 
tainable in conventional transducers. 

In addition to the sensing element, 
there are also the diaphragm and 
the linkage which contribute to the 
overall temperature drift. In the 
configuration shown in Figure 1, 
these factors are not effectively 
compensated. 


PRESSURE TRANSDUCER WITH 
COMPENSATION AND TRIM- 
MING FOR INTERCHANGE- 
ABILITY 


Consideration of the failure of the 
conventional unbonded strain-gage 
to allow compensation of transient 
temperature effects leads to the 





concept of constructing a gage y; 
four sets of strain-gage-linkage. } 
lastic-element components 

in a configuration such as to reeg; 
a similar heating effect from e. 
ternal sources and to create OPpos; 
strain in pairs when loaded. Electr, 
cally, the four strain gages are con. 
nected into a Wheatstone by; 
With this balanced arrangement, tj, ; 
gage would yield an effective com. 
pensation throughout the entire tem, 
perature transient period. One gp, 
figuration which utilizes this Con. 
cept is shown in Figure 2. 

The elastic element of this unit jy 
a strain tube divided into four equal 
parts. The upper ends of they 
quarters join together, while th 
lower ends are joined into two sep- 
arate opposite pairs. One pair ig ap. 
chored to the base upon which th 
diaphragm is attached. The othe 
pair is anchored to a boss at th 
center of the base in order to pr. 
ceive the pressure force exerted by 
the diaphragm. The entire structuy 
is machined out of one single pieg 
of stock, thus’ ensuring similz 
thermal properties among the foy 
arms, and also avoiding hysteresis 
introduced at the joints betwee 
members. The stresses introduced in 
the four elastic members and the a- 
sociated strain-gage windings ar 
noted in Figure 2. 

This type of sensing element ex- 
hibits exceptionally good therma 
stability. For example: with nomi- 
nal 6-volt excitation, the gage re 
quires no warm-up time. The drift 
of the gage when heated in an oven 
is usually less than 0.01%/°F with- 
out the need for additional compen- 
sation. The inherent stability of this 
type of sensing element adapts it- 
self very well for the trimming and 
compensation required for inter 
changeability. 

A typical set of specifications for 
an interchangeable transducer i 
given at the bottom of this page. 

The first seven items in the speti- 
fication table can be achieved by 
the use of seven-way trimming and 
compensation with at least seven 
suitable compensating resistors. A 
typical circuit diagram is shown it 
Figure 3. 

To get a satisfactory result, two 
basic rules must be observed: 1. use 
the minimum amount of compensa 








INTERCHANGEABLE TRANSDUCER SPECIFICATIONS 


Oe I ihe adie Se  cdsincss 4.0 mv/v = 0.5% 

Me EE ane 1.0% at 10 volt Exc. 

c. temp. effect on balance .................. 0.005%/F° (-65°F to +350°F) 
d. temp. effect on sensitivity ......... 0.005% /F° (-65°F to +350°F) 
e 
f 














INDUE IMPSAANCE .........--2.00<c-cceeseeevee- 350 ohms = 1% 

ouput impotence ...................-......-- 350 ohms = 1% 
g. Shunting across one arm of bridge with a specified resistance will 

produce a specified percentage of full scale output. 


Figure 2. Unbonded strain-gage sens- 
ing element with integral elastic 
structure member. A, tension strain 














under pressure; B, compression strain h linearity ...... See 0.5% FS. 

under pressure; C, decreasing tension i. hysteresis .... ee 0.25% FS. 

under pressure: D, base; E, boss en- ; 

gaged to diaphragm center. _— 
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Reg Sensitivity adjustment 

& Rso, — Impedance adjustment G 
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Figure 3. Typical circuit diagram for 
temperature compensation and stand- 
ardization trimming resistors. 


tion possible; 2. start with a gage 
with no appreciable uncertainty in 
its characteristics. The sensing ele- 
ment shown in Figure 2 meets these 
two requirements. A typical seven- 
way compensated pressure gage 
built with a high-pressure safety 
stop is shown in Figure 4. This type 
of gage covers full-scale pressures 
from 10 psi to 7000 psi with safety 
overload capacity ranging from 1000 
psi for lower ranges to 25,000 psi 
for higher pressure ranges. With 
special care, this type of sensing 
element can be made to give 12 
mv per v full-scale output, and op- 
eration at 300°F. 









































— ss 
——— 
> nem 
a. = \ 
( iN 
\ [7 y 
N N 
N if \ 
So | 
N ee SiR d A 
PD 
N Rigone, \ 
N Ne ! 
Ag a | | B 
AN 
> = ba 
psy 
’ Cc 
Mh, 
“a VA I4 
4 
4 ' ; D 
| t A ; 
(A) ‘et 
4 | 
| oe 











Figure 4. Sectional view of a com- 
pensated and standardized strain-gage 
pressure transducer. A, compensation 
resistor binding post; B, compensa- 
tion resistors; C, strain gage sensing 
element; D, safety stop: E, diaphragm. 
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WATER-COOLED PRESSURE 
TRANSDUCERS 


For high-temperature  applica- 
tions, and in particular when the 
pickup is to be flush mounted inside 
the combustion chamber of a rocket 
engine, a water-cooled diaphragm 
must be used. The pickup must be 
able not only to withstand the pres- 
sure and heat, but it also must ex- 
hibit no appreciable drift. The basic 
principle is to design a diaphragm 
with ample cooling, high strength, 
and high flexibility. Ample cooling, 
of course, is the most important fac- 
tor. Experiments show the conven- 
tional water-cooled transducers are 
inadequate in cooling capacity, fre- 
quently suffering burnout. In the 
author’s opinion, this is due to un- 
even cooling. The difficulty lies in 
the arrangement of the cooling pas- 
sages. A typical arrangement is 
shown in Figure 5. In this conven- 
tional type of cooling system, water 
is introduced through one inlet and 
is discharged through one outlet. Be- 
tween the inlet and the outlet, a few 
parallel passages are provided. To 
obtain an even cooling, an equal dis- 
tribution of the water among the 
passages is necessary. Lack of sym- 
metry in the construction, or ob- 
structions introduced by foreign 
particles may cause any one of the 
parailel passages to be deficient in 
receiving its share of water. Steam 
may even form at a local spot to 
block the flow further. Dynamic 
pressure head near the exit end of 
the passage may also create an un- 
stable flow condition to further cut 
the weak flow. Most disturbing is 
the impossibility of knowing the ex- 
act nature of the actual flow pattern. 
The conventional method of mea- 
suring the total flow-rate and the 
total temperature-rise of the water 
will not give any indication of the 
distribution. To overcome this dif- 
ficulty, a double-spiral cooling pas- 
sage, as shown in Figure 6, has 
been developed. In this arrangement, 
one single cooling-passage is used 
to cool the entire diaphragm area 
evenly. There is no chance of creat- 


ing any local hot spot, even though 
some obstruction might occur. 
Figure 7 shows the sectional view 
of the diaphragm assembly. There 
are two diaphragms involved. The 
outer diaphragm, facing the gas or 
fluid, is supported by the double- 
spiral ribbon, which is in turn sup- 
ported by the inner diaphragm. This 





WATER OUTLET 


1) 


WATER INLET 














Figure 5. Typical sectional view of 
water-cooled diaphragm with parallel 
cooling-passage. 
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Figure 6. A _ double-spiral water- 
cooled diaphragm with single cooling- 
passage. 
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Figure 7. Sectional view of a water- 
cooled pressure transducer with dou- 
ble-spiral diaphragm. 


inner diaphragm has a rigid center- 
disk and a thin, flexible, outer rim 
which is shaped into a V groove to 
receive the wider portion of the 
spiral ribbon. In operation, the cen- 
ter disk presses against the elastic 
member of the strain-gage sensing- 
element as described before. A safe- 
ty stop also is provided to limit the 
motion of the rigid disk so that the 
gage may be able to withstand high 
overload pressure. 

Figure 7 also shows that there is a 
water jacket between the two layers 
of shell structure. The outer dia- 
phragm actually covers the ends 
of both the inner and outer shells, 
so that any thermal stress generat- 
ed in the outer shell will not be 
transmitted into the inner shell. 
Thus, the inner shell is effectively 
isolated from the external tempera- 
ture effect. 

A gage with this double-spiral 
diaphragm and double jacket has 
been found to withstand the worst 
rocket-engine test conditions en- 
countered in a copper test motor. No 
other pickup was found to stand up 
under similar conditions. 

In laboratories, the thermal drift 
of the gage is often tested with an 
acetylene torch. The combined effect 
of the transient drift and the long- 
term drift due to heating of the base 
plate has been found to be less than 





Figure 8. Pressure transducer with 
double-spiral diaphragm used as heat 
barrier without artificial cooling. 
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Figure 9. Typical shock response of pressure transducer. 


1% of the full-scale output. Direct 
contact with liquid nitrogen pro- 
duces a maximum drift of less than 
0.1% of full scale. 

The double-spiral diaphragm to- 
gether with the four-composite-arm 
unbonded sensing-element (shown 
in Figure 2) is a very stable unit 
even without water cooling. Figure 
8 shows a typical assembly of this 
combination. This instrument has a 
5-18 mounting thread and a flush- 
mounted diaphragm — a configura- 
tion very convenient for installation. 
This unit has an inner diaphragm 
made of a metal with high thermal- 
conductivity to eliminate the tem- 
perature gradient while the spiral 
ribbon serves as a heat barrier. This 
simple gage, without artificial cool- 
ing, shows a maximum excursion 
of about 2% of full-scale output 
when dipped in boiling water, and 
4% when dipped in liquid nitrogen. 
In both cases, the output returns to 
within 1% in about one minute. 


DYNAMIC CALIBRATION 
OF PRESSURE GAGES 


The transient response of a pres- 
sure transducer now is generally 
accepted as a standard means for 
evaluating the dynamic characteris- 
tics of these instruments. The con- 
ventional method is to install the 
gage at the end plate of a shock 
tube with the diaphragm of the gage 
in parallel with the wave front of 
the shock. This method generally is 


adequate when the object of the teg 
is to study the harmonics of the ey. 
cited mechanical-system of the gage 
It must be realized, however, that; 
pressure gage always has some pr. 
sponse to acceleration. In testing 
when the end plate of the shock 
tube is knocked by the shock, a trap. 
sient acceleration is set up and fo. 
lowed by a vibration of the plate 
This transient acceleration and sub. 
sequent plate vibration will excite 
the case of the gage. A typical ex. 
ample is the ground shock, as shown 
in Figure 9, due to the shock trans. 
mitted through the metal wall o 
the tube ahead of the shock way 
of the gas. Similar effect can be ob- 
tained by installing the gage ina 
blind hole on the end plate of the 
shock tube. 

Because of the presence of the vi- 
bration effect, an interpretation o 
the shock tube response into fre 
quency response may be quite mis- 
leading. Figure 10 is a block dia 
gram showing the action of the pres- 
sure and the case acceleration on the 
transducer. Both pressure and at- 
celeration produce a static relative 
displacement X.:. which in tum 
produces a dynamic displacement 
In conventional shock test, the pres 
sure and acceleration signal exist 
almost simultaneously, and the stat- 
ic sensitivities of the gage to these 
signals are unknown. But the dj- 
namic characteristic of the perform- 
ance function of the gage, such # 
the natural frequency and the damp- 
ing ratio, can be determined if both 
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Figure 10. Functional block diagram of pressure 
and acceleration effect of a pressure transducer. 
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oe the diaphragm is not flush 
mounted, such as gages designed 


with a pipe fitting, the acceleration 
effect applied to the end plate may 
introduce a false indication of nega- 
tive pressure as shown In Figure 9. 
One easy way to eliminate this dif- 
ficulty is to shock mount the gage. 
A simpler and more effective meth- 
od is to mount the gage facing the 
tube with an open end. An open- 
ended tube will have lower pressure- 
rise as compared with a close-end- 
ed shock tube, but will yield a much 
cleaner record. 

In using the gage for dynamic 
measurement of pressure, it also is 
important to separate the accelera- 
tion effect, if this effect is suffi- 
ciently large. One method is to use 
an identical gage as an accelero- 
meter to compensate for the accel- 
eration effect. 


Aside from the acceleration ef- 
fect, there is the dynamic error to be 
considered if the gage is to be used 
close to its natural frequency. Sev- 
eral possible schemes may be used 
to compensate the dynamic error if 
the dynamic characteristic of the 
gage is accurately known. A typical 
system design by Dr. F. F. Liu has 
demonstrated the effectiveness of 
this type of system for gages with 
dominant second-order dynamic 
characteristics. For ordinary appli- 
cation, when the gage is not required 
to follow input function with rising 
rate in the neighborhood of its na- 
tural period, it may be advisable to 
use a lowpass filter to smooth out 
the oscillatory mode of the signal 
due to transient effects. For a strain- 
gage transducer, this can be done 
easily by shunting the output term- 
inal with a capacitor. 


CONCLUSION 


Strain-gage pressure transducers 
have evolved into interchangeable 
instruments. They are no _ longer 
limited to research laboratories to 
be used with careful individual cali- 


bration by experienced engineers. 
With means of proper temperature- 
isolation and compensation, a pres- 
sure transducer with double-spiral 
diaphragm can withstand the 
intense heat inside the rocket com- 
bustion chamber, and exhibit very 
little drift. Other types of strain-gage 
pressure pickups give excellent sta- 
bility, and can be subjected to tran- 
sient or steady-state temperature 
change up to a few hundred degrees 
without need for artificial cooling. 
A 12 mv/v output signal is now 
practical with the unbonded strain- 
gage. New advances in amplifier de- 
sign, including the chopper-stabi- 
lized d-c amplifier and the transist- 
orized amplifier, give strain-gage 
transducers a resolution of one part 
in 30,000 and an over-all stability 
of 0.1%. This kind of precision, to- 
gether with the inherent high fre- 
quency characteristics, small size, 
compatibility for a-c or d-c appli- 
cation, and over-all ruggedness, 
make the strain-gage instrument an 
attractive component in the produc- 
tion design of rockets and missiles 
as well as in industrial applications. 


Evolution of Test-Range Instrumentation 


by Dr. Joachim W. Muehlner 


Missile Systems Division, Lockheed Aircraft Corporation, Sunnyvale, California. 


Edited and supplemented by William E. Miller, Jr. White Sands Missile Range, New Mexico 


This paper, in its original form, 
was presented in an after-dinner 
talk delivered by Dr. Muehiner at 
the first Inter-Range Instrumenta- 
tion Group Symposium at Cloud- 
croft, New Mexico, October 8, 1956, 
while he was Technical Director of 
the Systems Engineering Branch at 
White Sands Missile Range. 


With the author’s permission, Mr. 
Miller and members of his staff have 
provided supplementary material in 
order to bring the presentation up 
to date and have effected certain 
minor revisions to make it more suit- 
able for publication. Nevertheless, 
the paper still is in a relatively light 
vein. Its nature also made it difficult 
to deal either precisely or equitably 
with the multitude of systems in- 
volved. The reader’s forbearance is 
requested. 


The author is indebted to George 
G. Simpson whose book “The Mean- 
ing of Evolution” proved a fertile 
source of information on evolution- 
ary aspects. 


THE WORLD, for millions of 
years, has been the proving ground 
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for a tremendous variety of special- 
ized instrumentation. The problems 
encountered by nature and the ap- 
proaches taken to meet require- 
ments for natural instruments ap- 
pear quite familiar to the highly- 
evolved beings who are presently 
engaged in missile-range instrumen- 
tation. The many parallels between 
the evolution of animals and their 
organs (or “instruments’’), and the 
evolution of range instrumentation 
are quite remarkable. 

If the need exists for meeting an 
environmental challenge or require- 
ment in natural evolution, the prob- 
lem, within the range of possibilities 
given by available, natural building- 
components and physical-principles, 
is attacked by a surprisingly-large 
number of simultaneous, uncoordi- 
nated approaches. (Right here we 


detect the first parallels to man- 
made instrumentation evolution!) 
After a natural solution has been 


found, it is tested under competi- 
tion and retained for long periods, 
if useful, or discarded, if inferior. 
There really has never been a very 
strong trend towards standardiza- 
tion. Every system is merely jud- 


ged by its capability to hold its own, 
and by its contribution to the steady 
trend of upward evolution. 
Consider the development of 
photoreceptors in animal evolution. 
Such instruments, capable of de- 
tecting, and with the aid of the 
brain analyzing, the light radiation 
of the surroundings, are no doubt of 
extreme usefulness under most en- 
vironmental conditions on _ earth, 
and merit a good deal of develop- 
ment effort. A considerable variety 
of both simple and complicated sys- 
tems have been tested through the 
millions of years past. Many of the 
early types of low animals simply 
had, and often still have, light-sensi- 
tive cells all over the body. Mass- 
ing these cells at certain spots on 
the body, putting them in grooves 
or basins for directivity, covering 
them by a transparent lens-like 
mass in order to collect light, back- 
ing them by an additional layer of 
pigmented cells and using a very 
few or a sizeable number of cells— 
all of these things have been at least 
prototyped and, quite often, mass- 
produced if proved satisfactory for 
meeting the limited requirements of 
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rangements, and many animals hav- ago. Man, with his built-in real-tin. 
ing lens-type systems similar to camera, may have been the main jp. 
Man’s. Only in very advanced in- strument system used at this rang 
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¢ § As the complexity of life increases, ments. The methods by which nj. 
§ the recognition of foreign objects be- gratory birds and other creatupg 
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2 ( possible arrangements are tried and destination remain to be fully yp. 
¢ ( introduced either in transient or derstood, let alone duplicated, 
§ semi-permanent form. Thus arose The next thing we notice on ty 
) ( the nautilus utilizing a pin-hole type chart is an Old Chinese small-mis. 
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§ Born at Dresden, Germany, in 1913, 
5 Dr. Joachim (Kim) Muehlner received 
) his M.S. degree in 1937 and his Ph. D. 
@ degree in 1939, both from the Institute ¢ 
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») of Technology, Dresden. He was an in- 
¥structor at the same Institute prior to ¢ 
»World War II. During the war, Dr. 
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strumentation Development Division at Range-Instrumentation Evolution.” fication of land plants, a Similarly 
White Sands Proving Ground, reporting § the sudden expansion and _ diversifica- 
) to the Army Ordnance Corps. tion of animal life began. As a con. 
- bgp a Rd ren po Aas sequence of this “explosive phase’ 
cepte : . ; 
Missile nutes Division as Department -_ Svenuteen, moss of the posite 
)Manager for the Telecommunications basic modes of life were employe 
in a relatively short time. 
In the case of range instruments 


) Department of the Research and Devel- 
opment Branch, Palo Alto, California. ¢ 
tion, a similar thing happened be 
tween the first and the secon 
World Wars, and particularly du- 
ing the latter. The basic cinetheodo 
lite was introduced for airplane 
tracking at the end of World Warl 
elementary pulse and c-w radar pat- 
ents were obtained in the 1930s 
and wire telemetry was used it 
early rocket tests and for other pur 
poses. 
poses. 
During World War II, the follow- 
ing branches became fairly well & 
tablished: cinetheodolites such ® 
the KTh 40 and 41 (ASKANIA) for 
visual tracking of the V-2 rocket 
and ballistic cameras (ASKANIA) 
having their roots in early camera 
of some 70 or 80 years ago; pulse 
radar tracking-systems such as the 
SCR 584 for airplane tracking 0 
this country, and the “Wuerzbutg 
Riese”, long wave-length radar fd 
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It starts with the origin of 
earth, some three billion years ago; 
note the nonlinearity in the time 
scale. Where the man-made evolu- 
tion shown covers a few years, na- 
tural evolution spans hundreds of 
millions.* 

Three million years ago a remark- 
ably advanced instrumentation sys- 
tem for personal use appeared. The 
bat is endowed with a Vector Miss 
Distance Indicator (MDI) system 
of extraordinary accuracy. Millions 
of dollars spent during our develop- 
ment of similar devices could not 
match the millions of years nature 
spent for the perfection of such a 
system. Our effort to catch up with 
Nature continues with dogged de- 
termination. 

Some years ago, the following 
test was conducted at Harvard. A 
lattice of wires was stretched in 
criss-cross fashion within a big cage, 
leaving rectangular clearances be- 
tween the wires just sufficient for 
a bat to fly through without touch- 
ing. The cage was darkened and 
numerous bats were agitated so as to 
fly about wildly; collisions with the 
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William E. Miller Jr., is a 1943$ 
) electrical engineering graduate of the 
) University of Texas, later attending the 
) Harvard-MIT radar school. As a Signal 
»Corps officer, he supervised the Jap- 
)anese overseas broadcasting and radio- 
» telephone services. From 1946 to 1948, 
bhe designed and developed radar re- 
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2 Working Group on Telemetering of the ¢ his fellow travelers. Donald R. Grif- 
of the V-2, and a Doppler-type Mo 
<former Research and Development} aeDEY : - TPS-5, it 
¢ Board and for several _ years was af *Considering the extraordinary rate of growth ing-Target Indicator, AN/ ox. 
¢ member, and twice chairman, of the § of man-made instrument evolution, is it not this country; a crude and rather ur 
Inter-Range Telemetry Working Group. fascinating to think about projecting ourselves into — — : 
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successful early AM-AM telemetry 
system used at Peenemuende, sup- 
planted within a few years by a 
time-multiplexed system which also 
failed (briefly to be replaced by a 
trailing-wire system), and _ subse- 
quently an AM-FM telemetry sys- 
tem for the V-2 which became a 
victim of the circumstances attend- 
ing the end of the war. 

Explosive phases of evolutionary 
development are generally follow- 
ed by prolonged periods of system 
refinement. The genes and chromo- 
somes of the ancestral form deter- 
mine the characteristics of the ani- 
mal in general, and adaptions to en- 
vironmental requirements must 
henceforth be obtained within the 
limits of the basic embodiment. By 
exploiting mutations, nature discards 
undesirable traits and strengthens 
useful ones. During this phase of 
“Adaptive Radiation”, mutations 
cannot, of course, convert a dog into 
a bird — just as it would be quite 
an ingenious modification to convert 
an SCR 584 into an airborne phase- 
comparison system. 

In the natural evolution there are 
some instances which have been 
called “immortal”: animals which 
have survived for hundreds of mil- 
lions of years with no appreciable 
change in basic structure. The oppos- 
sum in more or less its present form 
is 135 million years old; certain sea 
shells 400 million years; and the 
oyster of 200 Million B. C. possibly 
could be served to today’s gourmet 
without arousing any suspicion. The 
reason for such longevity of certain 
species is perfect adaption by a sim- 
ple animal’s body to relatively-stat- 
ic environmental conditions. 

In the evolution of range instru- 
mentation, the cinetheodolite may 
be considered such an “immortal.” 
The modern KTh 53 of 1953 is only 
slightly different from very old an- 
cestors. The reason, naturally, is 
that visual perception is very basic 
and unchanging, just as is the water 
around the oyster. Something quite 
common in animal development 
may be noted, however: that at- 
tempts are made to create a better 
race by increasing size. The horse, 
for example, developed from the lit- 
tle Eohippus. Similarly, big tracking 
telescopes such as the WSMR TI1 to 
T5, TETRA, ROTI II and the TPR 
branch off the main stem of the cine- 
theodolites. Various super-cinetheo- 
dolites such as SMT, ROTI I, and 
ROTIM have only recently come 
into being, with others being plan- 
ned, as may be seen from the chart. 
Through mutation, side branches 
such as the high-speed cintetheodo- 
lite developed, adapting themselves 
to a more specialized way of living. 

This is a quite typical occurrence 
in evolution. By specialization, the 
species sets itself apart from com- 
petitors, enjoys its specialized food 
undisturbed, and thrives marvelous- 
ly as long as the special conditions 
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permit. I might mention, however, 
that over-specialization is not in- 
frequently a main cause for the 
eventual extinction of the species, 
since only rarely can a specialized 
animal adapt itself to markedly- 
changing conditions, that demand 
simplicity and flexibility. This is 
why the Irish elk, with its fantastic 
antlers, became extinct after thus 
adapting himself to a specialized en- 
vironment. This head gear proved 
quite disadvantageous after certain 
changes in his surroundings had oc- 
curred. 

As one climbs the tracking optical 
systems branch, it may be noted 
that various attempts have been 
and are being made to improve the 
associated digestive organs of these 
systems. Clearly a system cannot 
consist simply of a receptive organ 
without some method of recording; 
for the incoming “food” must be di- 
gested and processed for further use. 
Thus, early hand readers for photo- 
graphic film have been replaced by 
semi-automatic readers such as the 
Iconolog. As a most-recent mutation 
of the basic instrument, the intro- 
duction of coded circles now allows 
automatic angle reading. Instru- 
ments such as B.R.L.’s ORDRAT 
are required in conjunction with 
this, and probably will thrive as 
adjuncts to the cinetheodilites. 

An era of vigorous expansion and 
divergence, foreseen for the future 
of optical instruments, is also the 
consequence of some stray electron- 
ic genes invading the field. With 
the help of electronics, shaft-angle 
digitizers have now become a real- 
ity, while aided-tracking and target- 
acquisition, in conjunction’ with 
servo control at the instrument it- 
self, are helping the “immortals” to 
survive despite the pressure from 
competing species from _ other 
branches. The ASKANIA cinetheo- 
dolite is presently evolving into a 
real-time precision optical instru- 
ment which should be sufficiently 
fertile to populate the missile ranges 
with teeming life far into the fu- 
ture. 

The other main optical branch 
concerns fixed cameras. Here the 
stem goes from the original ballis- 
tic plate camera to the complete, 
synchronized BC-4 base-line system. 
Other early branches occupy, and 
ably hold, distinct niches in the 
over-all picture. Ribbon-frame cam- 
eras thrive on specialized close-in 
high-speed food, while some camer- 
as make use of wings and now spe- 
cialize in preying on other birds. The 
fish-eye camera (Douglas) is the 
most specialized; it has developed a 
bulging, wide-angle eye resembling 
a fish’s, and is capable of seeing 
and recording the paths of unfriend- 
ly missiles as they pass or strike. 
This animal, incidentally, may soon 
become extinct. There are ruthless 
competitors coming up from the 
electronic field which threaten to cut 





off the food supply, and forge 

i 
speedy death. In general, howeve 
the camera, by becoming airborne 
developed special traits such as 
ability to closely scrutinize jts 
which cannot be duplicated by i 
peers on the ground. 

Consider next the radar br 
Here the evolution Progresses log. 
cally by systematic clean-up jp, 
provements, leading to the MPQ » 
and culminating in the FPS-1¢ At 
a certain stage of the evolution, a 
interesting phenomenon resembjj 
the creation of community life by 
bees or ants may be observed, Bye 
though complete in themselves, yg. 
ious animals sometimes decide 
band together to increase efficieny 
and usefulness through a joint ¢& 
fort. Under’ these circumstance 
evolutionary trends directed » 
ward increased efficiency of the api. 
mal community are encounter 
Just as the bee colony has develo. 
ed a marvelous system by whi¢ 
scout bees communicate the exag 
location of honey-giving flowen 
the radar colony (“Chain Radar’) 
possesses an intricate microway 
communication system which make 
known to each member of the con. 
munity where the missile “food” ca 
be found. 

One offshoot development, th 
“Sequence Radar” community, 
which is organized by the same rule 
as the “Chain”, is of interest. Is 
characteristics were very simila, 
and not necessarily inferior, except 
in one respect: it did not propagate 
quickly enough and became extin¢ 
because of the elbow room requir 
ed by its more fertile cousin. Not 
the Radar-Optical MDI. This is a 
interesting case of a symbiosis. An 
airborne camera and an airborne tl 
dar decided to espouse themselve 
in the manner of pilot-iish and do- 
phin. Separately, neither is st 
ficient for the purpose; jointly, they 
seem to perform quite well. 

Next, consider another brant 
growing from the radar root. Short 
ly after the war, an omnidirectional 
non-tracking pulse-radar system Wa 
developed by C.R.C., and a late 
version by Oklahoma A&M. Sub 
sequently, with improved specific 
tions making it suitable for mor 
general use, the MIRAN syste 
evolved. This animal is now livin 
at WSMR. It is somewhat lf 
ited in accuracy because of 
nature of one of its chromosomé 
(pulse time measurement), but it® 
basically simple and sound and hé 
survived to date without major mot 
ifications. Many useful adjuncts hat 
evolved, such as instantaneous ait 
remotely-operated plotting facilitié 
and remote-controlled ground reli 
stations. Similarly, considerable & 
fort was poured into the evoluti@ 
of the system’s digestive track. 
stantaneous digitization is now pit 
vided, and data handling is com 
pletely automatic. 
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ould not overlook the spe- 
Pod pore pulse-radar branch, 
rminating from the old Hastings 
Be . indi tem de- 
miss-distance indicator system — 
yeloped for the Navy, spreading into 
BRL’s RDME, _and the Parsons 
PARAMI. Persistent evolutionary 
effort seems to bear fruit. — 

Consider next another important 
pranch of the tree. From the basic 
Doppler system of the German 
rocket range, BRL’s DOVAP evol- 
yed in this country. DOVAP is the 
c-w counterpart of MIRAN. The sys- 
tem, throughout the years, stood in 
little need of profound modification; 
the underlying physical phenome- 
non can be exploited by straight for- 
ward means. With rising require- 
ments for ever increasing accuracy 
of data, system refinements, partic- 
ularly concerned with phase stabil- 
ity in transponder and receiving cir- 
cuits, were eminently successful. 
There always has been some con- 
troversy as to why two systems 
such as DOVAP and MIRAN should 
co-exist at one guided-missile range 
such as WSMR. The answer is not 
really obscure in the light of evolu- 
tionary principles. If two animals of 
different ancestry find themselves 
competing under similar environ- 
mental conditions and for similar 
food, there will first be a continu- 
ous tendency on the parts of these 
animals to improve distinct and ad- 
vantageous endowments not eas- 
ily acquired by the competitor. Thus, 
MIRAN nurtured the capability for 
instantaneous plots, command and 
fail-safe, and instantaneous digitiza- 
tion. DOVAP, on the other hand, 
tried conscientiously to distinguish 
itself by further refining its in-born 
high-accuracy feature. 

It happens quite often in the ani- 
mal kingdom, however, that an ini- 
tial rapid divergence of character- 
istics is eventually displaced by a 
gradual convergence of traits, if the 
two species continue to survive in 
the joint environment for a suffi- 
ciently long period. The reason is 
that nature normally allows the at- 
tainment of most useful characteris- 
tics irrespective of what the basic 
building blocks may be. If they 
are difficult to use, it takes longer 
to reach the goal. Humming-birds 
and humming moths are strikingly 
similar in body structure and in be- 
havior, even though one is a bird 
and the other an insect. The environ- 
mental challenge has been the same 
for both over a long period of time. 
DOVAP and MIRAN are experienc- 
ing this phase of convergence now. 
A c-w system allows highly-accur- 
ate data-recording and processing 
without undue effort, but there is no 
fundamental reason why pulse- 
time measurements, such as used in 
MIRAN, cannot also be obtained 
with extreme accuracy. MIRAN is 
now evolving in this direction in a 
step-by-step struggle. DOVAP. on 
the other hand, is now making a 
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strong effort to match the superior- 
ity of MIRAN in rapidity of data 
recording, digitizing and handling. 
Thus, it is difficult to predict wheth- 
er one of the two systems will even- 
tually displace its counterpart and 
if so, which one. 

Out of the Doppler branch grew 
some interesting offshoots. An im- 
portant one was an early attempt 
to overcome the principal short- 
coming of the basic Doppler system; 
namely, the need for cycle integra- 
tion in order to obtain position da- 
ta. DORAN, by utilizing the Dopp- 
ler effect at several modulation 
frequencies, obtains an unambigu- 
ous position-reading and can, in this 
respect, be more readily compared 
to a pulse system such as MIRAN. 
In fact, the similiarities between 
DORAN and MIRAN, although they 
grew from different roots, are quite 
startling upon close examination. 
Unfortunately, adverse factors such 
as multipath propagation have re- 
sulted in untimely extinction of DO- 
RAN. Nature is not, however, so 
easily defeated. A new and very 
promising system for distance mea- 
suring has evolved. DME-type 
equipment is used in a new rang- 
ing system at Sandia, called ROMO- 
TAR, and AFMTC calls a similar 
system, developed by Cubic, SE- 
COR. MOMUS is a more recent var- 
iation of the Cubic strain. Another 
important side lobe of the basic 
Doppler branch is the NOL-MDI, 
which despite its simplicity or per- 
haps because of it, is thriving in an 
as yet modest way. 

The reflection Doppler system, 
similar to the granddaddy TPS-5 
used as a moving-target indicator 
during the last war, became an- 
other established branch in the field 
of trajectory measuring systems. No 
beacon is used — only power re- 
flected from the target. Evolution, 
in order to help this animal to find 
its prey at long ranges, must com- 
bat the effect of one of the ani- 
mal’s chromosomes: the difficulty 
of properly recognizing a tiny re- 
turn signal in the presence of a 
large primary signal and varying 
large reflections from near-by ob- 
jects during the tracking operation. 

Another side branch of the velo- 
cimeter and DOVAP strains, Par- 
son’s PARDOP system, has some of 
its roots overseas at the Woomera 
Test Range in Australia, where a 
system of this kind has been suc- 
cessfully used for many years. PAR- 
DOP is quite an ambitious depart- 
ure; foregoing directive antennas 
such as are used in the basic veloci- 
meters, PARDOP is omnidirectional 
and, therefore, must operate with 
extremely small receiver input. The 
situation would be hopeless except 
at very short distances were it not 
for the use of extremely narrow- 
band phase-locked tracking filters 
which limit the bandwidth to a few 
cycles, and virtually excavate a re- 


turn signal from noise whose power 
is a hundred times greater. Such 
tracking filters also have been de- 
veloped for the velocimeter itself, 
giving it another boost up the evo- 
lutionary ladder. 

One should not overlook another 
modest-looking branch — reflection 
Doppler MDI. Numerous uncoordi- 
nated mutations did not succeed for 
many years until Parson’s PARMIS 
survived at least a series of balloon 
tests. Even though, this proved a 
short-lived and delicate species, be- 
ing so vibration-sensitive that only 
the comfortable, but very rare, en- 
vironment of a balloon or a tow 
target enabled it to function even 
modestly. The Raytheon system is a 
more hardy recent entrant on the 
scene. 

Let us next discuss phase-mea- 
surement systems, cousins to the 
Doppler systems of the DOVAP 
type. They are similar in that c-w 
transmission is used. The difference 
is that phase instead of frequency 
measurements are made. The origi- 
nal German Lateral-Deviation In- 
dicator has a rather young direct 
descendent in the modern Beat- 
Beat safety system of ABMA. 

Most interesting is the AZUSA 
line. AZUSA I was the first and a 
very ambitious attempt to create the 
ultimate in guidance and trajectory 
measuring systems. AZUSA, which 
has a little DORAN blood in its 
veins because of an added ranging 
feature, is extremely elaborate. The 
development cost for Azusa I alone 
was in the order of millions of dol- 
lars. Here is a case where several 
years ago, a colossus was created 
by jumping beyond the state of 
the art as it then stood. As in some 
cases of biological evolution, such 
overgrown animals are not always 
particularly stable, and often it is 
the smaller and simpler types that 
have better life expectations. In this 
case, however, the state of the art 
had a chance to catch up with the 
development and AZUSA’s struggle 
to survive through successive stabi- 
lizing mutations promises to be 
victorious, judging from the appear- 
ance on the horizon of an only child, 
AZUSA II. 

When AZUSA’s future looked 
bleak, Nature — Man, rather — took 
steps to insure the survival of the 
basic species. Some _ genes of 
AZUSA, carried in the pockets of 
its human designers, filtered from 
Convair to Cubic and gave origin to 
a series of lower-frequency sys- 
tems of the COTAR type. A thriving 
branch of interesting creatures re- 
sulted. MOPTAR, BETTY, MATTS, 
and MIDOT are all ambitious spe- 
cia:izations directed toward being 
capable of devouring a multitude of 
targets simultaneously. May their 
appetite be stilled; may their diges- 
tive organs function smoothly. 

BRL’s EMA target acquisition 
line is worth mentioning. It leads 
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from EMA I, the ambiguous system, 
to EMA II, the unambiguous ver- 
sion, and then to ELSA which mainly 
forages for data from artificial sa- 
tellites. Let us also not forget Ord- 
nance Engineering’s FIRE-TRAC, 
an airborne phase-comparison MDI 
and a hopeful, though delicate and 
specialized, descendent of this same 
phyla. Cubic’s MIDAS is another 
phase-comparison MDI, located en- 
tirely on the ground, yet adequately 
accurate in many situations. 

The expected success of the Atom- 
ic MDI and the RF-Attenuation MDI 
demonstrates that new techniques 
germinating from the roots of phy- 
sics are still worth seeking. 

The last branch on the chart is the 
life line of telemetering. If nature 
had been permitted to run _ its 
course, a much greater variety of 
parallel side branches would have 
sprouted since numerous approach- 
es to the general problem are pos- 
sible. However, because of some 
concentrated initial thinking and 
the deistic intervention of the R&D 
board, many of the original branch- 
es were sterilized, and for many 
years, growth was limited to FM- 
FM and PDM-FM as standardized 
systems. PPM-AM, thanks to a pro- 
tective and friendly environment in 
the Navy’s own backyard, managed 
to survive sterilization and stand- 
ardization and is still living as a 
non-standard system. PDM-FM has 
not experienced any major evolu- 
tionary change or mutation; but 
Hermograph, and later the MADAM 
II, which are automatic aids to the 
digestion of data, were important to 
the survival of this race. 

The FM-FM system is, at present, 
in most widespread use. In its var- 
ious configurations, with up to 18 
subcarriers, some of which can be 
commutated, it is capable of carry- 
ing a large amount of information. 
Nevertheless, FM-FM systems have 
been historically hampered by limit- 
ed accuracy. Only recently, through 
some useful mutations, certain or- 
gans of the system, such as the dis- 
criminators and decommutators, 
have improved sufficiently to satis- 
fy more stringent requirements. One 
severe environmental limitation re- 
stricted the free propagation of this 
type of equipment: the comparative- 
ly narrow frequency band available 
for use during simultaneous opera- 
tions. This was particularly serious 
because of in-born frequency in- 
stability on the part of the airborne 
transmitter. Evolution offered two 
solutions for this problem: 1. vari- 
ous useful mutations strengthened 
the wavering bodily structures by 
the introduction of low-drift crystal 
control, both for airborne transmit- 
ters and ground receivers; 2. a radi- 
cal migration to a new part of the 
frequency spectrum took place. Off- 
springs of the FM-FM telemetering 
family may now be found in the 
2200 Mc band while the 1500 Mc 
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region is also being considered. Mi- 
crowave telemetry, desirable from 
the frequency-allocation point of 
view, does have some undesirable 
genes; for example, limited range 
for reasonable power output. The 
combination of phase-lock discrim- 
inators and receivers, however, 
should ensure future usefulness. A 
ground-to-ground precision micro- 
wave telemetry relay will soon be 
in operation at WSMR. 


Certain telemetry systems, such 
as the FM-FM, are capable of swal- 
lowing a tremendous amount of 
data food, and lacking an appro- 
priate digestive tract, the basic sys- 
tem is a useless accumulator of 
dead-letter material. Through the 
“ages”, therefore, repeated attempts 
have been made to provide the basic 
system with the right kind of data 
processor. Many of the boxes shown 
on the chart represent fruitless at- 
tempts in this direction. Nature, as 
we know, must rely on exploiting 
mutations as they appear, and these 
generally are arbitrary and not 
necessarily optimum. 


A similar situation can be ob- 
served in connection with the his- 
torical attempts to create compre- 
hensive telemetry data-reduction 
systems. An early and very ambi- 
tious blueprint for comprehensive 
data reduction under project Hurri- 
cane resulted in an overgrown but 
stillborn embryo. Breeze, a subse- 
quent effort of more modest pro- 
portions by NAMTC, also failed. 
SADAP, and the C-R tube lineariz- 
ers, are leading only very-limited 
lives. The elaborate Melpar system 
at AFMTC proved insufficient, and 
MADAM II was never altogether 
satisfactory for FM-FM data. 


Fortunately, recent years have 
been brighter. After considerable 
study of the environmental condi- 
tions as represented by the WSMR 
Integrated Range, a data-handling 
tract has been produced which en- 
ables the basic systems to continue 
prospering at WSMR. This digestive 
tract consists of a digital system for 
highest accuracy and an integrated 
analog-digital conversion, with auto- 
matic calibration and operation, for 
maximum automation. 


Strong trends toward the unifi- 
cation of telemetry systems are pres- 
ently discernible. Development by 
Ascop of airburne statistical data- 
analysis equipment will allow cer- 
tain vibration-type data, now cus- 
tomarily demanding wide-band 
channels, to be pre-digested and 
transmitted by narrow-bandwidth 
time-multiplex techniques. A hybrid 
system now under development 
(Aeronutronic Systems) is expected 
to incorporate provisions for a new, 
highly flexible FM-FM mode as well 
as various time-multiplex configur- 
ations, both commutated and sub- 
commutated, and using PDM, PAM, 
and PCM, singly or in combination. 





Proposed “command” tele 
represents another step toward 
development of equipment to pro. 
vide a complete telemetering sery. 
ice in a single package. This eq, 
ment will provide for real-time y. 
lection of telemetered functions t 
response to ground-based Compute 
decisions. Note, lastly, the 
re-discovery by Lockheed Missi } 
Systems Division of the high-spe 
PAM-FM species which for Some 
years had been mourned ag q, 
tinct by experts. A promising child 
endowed with information theory. 
tested chromosomes, it hopefilly 
looks toward soon dedicating its jp, 
born qualities of adaptibility, sp. 
trum conservation, weight, six 
and power-economy to life Outside 
the atmosphere of this planet, 


The evolutionary tree of range jp. 
strumentation, as presented here, js 
far from complete. Some of th 
blocks shown have not been me. 
tioned in the text, and it would tak 
little effort to supplement the char 
by adding more stems and twigs 
its branches. This, however, was ng 
deemed desirable. The purpose ¢ 
the presentation is to demonstrak 
the principles rather than to be all. 
inclusive. 

Regarding the tree as a whole, 
may ask ourselves whether the con 
siderable expense has been justified 
Nature can afford to be wasteful 
its evolutionary process, but can th 
Department of Defense? Nature he 
millions of years at its disposal, bu 
the same is not true of this nations 
defense program. There is however, 
much to be said in defense of broai 
and extended instrumentation rm 
search and development. 

The past 17 years have constitu 
ed a rapid and fruitful phase ¢ 
range instrumentation — evolution 
No effort expended has really ben 
lost, even though some stillborn in- 
fants were sired. Here we haves 
unique advantage over nature. Th 
project engineer of a deceased dé 
velopment remembers his expeti- 
ence and applies his inventions 
future, related, and more successfil 
endeavours. In nature, however, th 
chromosomes of an unsuccessful spe 
cies becomes extinct and are lost. i 
our man-made evolution, the im 
pressive state of the range-instr 
mentation art which presently & 
ists, has been engendered to a larg 
extent by a certain lavishness, pée& 
haps even temporary Governmentd 
wastefulness, in the developmen 
programs. While standardization 
very important for reasons of eco 
omy, and also operational efficiency, 
it should be kept in mind that the 
number of useful “mutations” c& 
tainly increases with the total effort 
expended. It is most important # 
foster the occurrence of useful “mr 
tations”, since they are vital to rea 
izing technological advantages ove 
determined competitors in the strué 
gle for survival in the space age. 
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Measurements of Rocket 
Exhaust-Gas Temperatures 


by I. Warshawsky 


Chief, Instrument Research Branch 


NACA Lewis Flight Propulsion Laboratory, Cleveland, Ohio 


An outline is given of applicable 
measuring techniques, with empha- 
sis on sources of measurement error. 
Probe-type instruments yield local 
temperatures that are close to total 
temperature. Most radiation-type in- 
struments yield average tempera- 
tures, and all yield static tempera- 
ture. Radiation methods of the null- 
balance type do not require accurate 
radiant-intensity measurements, but 
are limited to the temperature of 
available reference lamps. Radiation 
methods that do require accurate 
radiant-intensity measurements have 
no such upper limit, but their in- 
accuracy rises rapidly as gas tem- 
perature rises above reference-lamp 
temperature. A microwave-attenua- 
tion method has high sensitivity and 
sensibility, although its accuracy 
is relatively poor. Numerical values 
for accuracy are obtainable only 
when several distinctly different 
thermometers are intercompared in 
the same gas stream. 


INTRODUCTION 


THE TOTAL TEMPERATURE of 
currer.t chemical- or nuclear-rocket 
exhaust gases may range from 3000 
to 7000°F. The temperature is of in- 
terest to the design engineer be- 
cause it provides indications of—a. 
the cooling requirements for sur- 
faces exposed to the hot gases, b. 
the effectiveness of the combustion- 
chamber and nozzle designs, and 
¢. the kinetics of the expansion pro- 
cess. The temperature of greatest 
interest is that associated with the 
translational kinetic energy of the 
molecules. There are other temper- 
atures — vibrational, rotational, and 
electronic — which a. are of interest 
to the research engineer because 
their study provides an improved 
understanding of the physics and 
chemistry of the combustion and ex- 
pansion processes, and b. are of in- 
terest to the instrument engineer be- 
cause they provide means for deriv- 
ing the translational-energy temper- 
ature. Henceforth in this article, the 
unqualified word “temperature” will 
signify the temperature descriptive 
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of the translational kinetic energy 
of the gas molecules. 

Most chemical rockets, when op- 
erating at maximum specific im- 
pulse, are fuel-rich. Hence, particu- 
larly at sea level, some combus- 
tion with atmospheric oxygen con- 
tinues to take place after the gas 
leaves the nozzle, so that complete 
chemical equilibrium may not exist. 
As altitude increases, the maximum 
specific impulse occurs at a mixture 
ratio more close to stoichiometric, 
so that the condition of complete 
chemical equilibrium is approached 
more closely. These considerations 
must affect any quantitative esti- 
mates of the inaccuracies of ther- 
mometers that rely on the existence 
of chemical equilibrium. 

The temperature measurement it- 
self often is only one step in the de- 
duction of some other quantity such 
as the rate of flow of mass or of en- 
ergy. In such event, tempereture is 
only one of the variables in an alge- 
braic expression that includes other 
measurements such as those of pres- 
sure and molecular weight. An inte- 
gration, performed over the entire 
area of the exhaust jet, may be the 
ultimately desired quantity. 

If the thermometer is one that 
provides local (“point”) measure- 
ments, this integration may be per- 
formed by straightforward mathe- 
matics. On the other hand, if the 
thermometer is one that provides a 
space-averaged measurement, as in 
most radiation methods, the desired 
integral can rarely be obtained be- 
cause the type of weighting provided 
by the thermometer is not the type 
of weighting desired; nor can the 
desired integral be inferred from 
the measured integral. Obviously, 
one can always get the sum of a 
given set of numerical readings. 
But, in converse, if only the sum 
is given, one can not determine the 
particular group of numbers that 
led to this sum. For example, the 
rate of mass flow of a compressible 
fluid through a duct, given very 
closely by 





fdA-v/ [2p(H-p)m,./ (R.T)] 


(where R, is the universal gas con- 
stant, dA is the element of area, 
and p, H, mw, T are the local val- 
ues of static pressure, total pressure, 
molecular weight, and total tem- 
perature), is not equal to 





A r V [2pav (Hav—Pav) Me,av/ (ReTr) ] 


(where the subscript “av” indicates 
the average), even when p, H, and 
m.» are almost constant over the 
cross section, unless the temperature 
also is constant throughout. Thus, 
average -temperature indicators, 
while often possessing tremendous 
advantages in ease of application, 
durability, and convenience of use, 
may nevertheless fail to yield so 
high an accuracy, in the ultimately- 
desired quantity, as local-tempera- 
ture indicators. Formulas for the 
averages yielded by some of the 
average-temperature indicators, and 
a representative numerical example, 
are published elsewhere.’ 


‘Superior italic numbers refer to similarly number- 
ed references at the end of this article. 
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Figure 1. Extended-range thermo- 
couple probes. Bare-wire types. 


The above considerations serve to 
emphasize that the choice of a 
thermometer should be made in the 
light of the ultimate object of the 
measurement. Quite often the de- 
vice conventionally labeled “ther- 
mometer” actually provides more di- 
rect indication of some other phys- 
ical variable that also happens to be 
the variable of primary interest. 
Thus, if convective heat transfer to 
inserted objects is the subject of 
study, a thermometer based on the 
convective-heat-transfer principle 
may provide more reliable and accu- 
rate indication of convective-heat- 
transfer rates than it does of temper- 
ature; if gas-radiative heat transfer 
is the subject of study, a radiation- 
type thermometer utilizing a wide 
spectral band width may provide 
better indication of radiation rates 
than it does of gas temperature; if 
stream density is of primary interest, 
some of the _ radiation-absorption 
types of instruments will be found 
to produce closer indication of dens- 
ity than they do of temperature. On 
the other hand, gas temperature it- 
self is often the most useful measur- 
able variable; for example, in distin- 
guishing between frozen and equili- 
brium expansion through the nozzle, 
particularly when thrust can not be 
measured. 

In comparing instruments, one 
may distinguish between those 
which measure the temperature near 
the tip of a probe inserted into the 
gas stream and those which mea- 
sure radiation emitted or absorbed 
by the gas stream. The former gen- 
erally measure a temperature close 
to the total temperature of the gas; 
the latter, a temperature close to the 
static temperature. In a hypersonic 
exhaust-gas stream, one therefore 
sometimes encounters the paradox 
that radiation-type instruments (or- 
dinarily chosen for measuring gas 
temperatures too high for the con- 
venient insertion of probes) can not 
be used because the static gas temp- 
erature is below the lower limit of 
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usefulness of the thermometer. 

The following is a brief outline of 
the more promising measuring tech- 
niques. More detailed reviews have 
been published elsewhere;*”* * ° 
these have extensive bibliographies. 
Freeze’ also has published a bibli- 
ography for the period 1930-1950. 
Therefore, only a few individual re- 
search papers will be listed in the 
present outline. 

An attempt will be made to point 
out the sources of measurement er- 
ror that are associated with the var- 
ious techniques. It is generally nec- 
essary to apply systematic correc- 
tions before acceptable accuracy is 
achieved. The remaining random er- 
ror in knowledge of temperature is 
usually much larger than the sen- 
sibility of measurement (smallest 
reliably-detectable temperature 
change). 

In any instrument evaluation, one 
must take into account the extent of 
analysis and test to which the in- 
strument has been subjected. Some 
devices and methods are relatively 
new, and have had a rather limited 
trial. Others have been subjected to 
many independent analyses and 
tests, in a variety of designs by dif- 
ferent experimenters. Caution must 
be exercised not to appraise one in- 
strument less highly than other in- 
struments merely because more is 
known of the errors of the first 
than is known of the errors of the 
others. 


TOTAL-TEMPERATURE 
MEASURING INSTRUMENTS 
Extending the Range 
of Conventional Thermocouples 


In the range 2000 to 3000° F, the 
PtRh-Pt thermocouple has been the 
most commonly used means of tem- 
perature measurement. The thermo- 
metric material is stable and re- 
producible in calibration, resistant 
to oxidation, easily fabricated, and 
readily available. Its low emissivity 
and high melting point more than 
offset the fact that the electrical 
output is lower than that of the 
chromel-alumel combination. (Some 
newer proprietary combinations 
have been offered recently that have 
higher output or greater resistance 
to reducing atmospheres, but there 
is not yet available a_ sufficient 
wealth of independent data to pro- 
mote as much confidence as exists 
in the conventional PtRh-Pt com- 
binations. ) 

The thermocouple is used by let- 
ting it acquire the temperature of 
the gas stream. This temperature, 
in a high-velocity stream, is slightly 
below the total temperature of the 
gas because stagnation at the junc- 
tion is incomplete; the difference 
(“recovery correction”) must be de- 
termined for each design. Since final 
junction temperature is the resul- 
tant of a balance between convec- 





tive heat transfer from the 
stream, conduction to the 
stem, and radiation to the curry 
ings, the equality of gas temperaiyy 
and junction temperature jg 
achieved easily; differences of Sey. 
eral hundreds of degrees may Oceyy 
The multitude of available th. 
mocouple designs,’ ‘4 dating 
to 1892, * differ in the methods Use, 
to obtain an adequately accurate x, 
lation between junction temper, 
ture and total gas temperature: Py 
the radiative heat loss may be » 
duced by reducing junction emj, 
tance or by providing one or mop 
radiation shields that are then, 
selves heated by gas flow; b. t_ 
rate of convective heat transfer my 
be increased by increasing the gx 
velocity past the junction, throug, 
appropriate geometric design or fy. 
cible aspiration of flow; c. the stag 
nation may be made almost cop. 
plete by sufficiently decreasing th 
gas velocity past the junction or dy 
the error due to incomplete stagm. 
tion may be made large, but accy. 
ately calculable, by placing th 
junction at a point of sonic gas vé. 
ocity; d. the geometric design of th 
junction may be made so simple ay 
reproducible that the corrections fr 
effects of radiation and partial stag. 
nation can be made with adequat 
accuracy, even though the effec 
are relatively large. Most practic 
designs combine several technique 
in the compromise most suited # 
the purpose of the individual & 
signer. 

Some of these conventional dé 
signs, although themselves not u 
able at rocket-exhaust-gas temper 
atures, nevertheless constitute tk 
first in a series of steps that do lea 
to usable devices. 


The most obvious means of ris 
ing the limit of thermocouples is # 
use materials of higher meltig 
point. To date, the only oxidation 
resistant combination that has sa& 
isfactorily undergone several faitl 
complete independent tests is Feus+ 
ner’s 40% Ir 60% Rh vs. Ir ther 
mocouple. Thermocouples @ 
other refractory metals (C, W, 
Ta, Mo, Cb, Ru, Ir, in descending 
order of melting point) have bee 
tested at various times, “ but ™ 
combination has yet been distine 
tively established as having suff 
cient reproducibility, stability, ai 
strength in the atmospheres of com 
mon rocket exhaust gases. 

An alternate method of raisilf 
the temperature limit relies on? 
technique suggested by method ¢ 
above: deliberately to promote sul- 
ficient heat loss by radiation and 
conduction so that the junction 
erates at a temperature considerablf 
lower than the gas temperature, al 
to apply a sufficiently accurate oo 
rection for this loss of heat so thé 
adequate accuracy is achieved # 
gas-temperature measurement. 
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technique has found practical reali- 
zation in two forms: 

1. The dependence of heat trans- 
fer rate upon gas pressure, viscosity, 
and thermal conductivity has been 
determined for cylindrical, bare 
wires transverse to the airstream 
(“crossflow” design, Figure la). The 
dependence can be expressed as 
a dimensionless correlation among 
Nusselt, Reynolds, and Prandtl num- 


bers: 
Nu= (0.477+ 0.003) Pr®-3Re™* (1) 


where gas density, viscosity, and 
thermal conductivity are evaluated 
at total temperature. This correla- 
tion permits accurate computation 
of radiation and conduction correc- 
tions (the latter is very small com- 
pared to the former), provided junc- 
tion emittance is known. Experi- 
mental measurement is required of 
junction temperature and gas total- 
and static-pressure; estimation is re- 
quired of junction emittance and of 
gas Prandtl number, specific heat 
capacity, and viscosity. The pres- 
sure measurements also yield the 
partial-stagnation correction. Using 
a PtRh-Pt thermocouple, gas tem- 
peratures to 3200°F (the melting 
point of platinum) have been meas- 
ured with a probable error of 50°F. 
The validity of the method has been 
confirmed by a recent determina- 
tion” of the Nu-Re relationship at 
temperatures to 3000°F, and by com- 
parison at a slightly lower temper- 
ature level with a probe” having 
relatively small radiation, conduc- 
tion, and recovery corrections. 


Application of this technique to a 
bare-wire wedge-shaped design 
(Figure 1b) of IrRh-Ir thermocou- 
ple for which a similar Nu-Re-Pr re- 
lationship has been established 
(though with lesser certainty) sug- 
gests that thermocouples of this 
newer material may have an upper 
gas-temperature limit of 3800°F 
(slightly above the melting point of 
the wire). 


2. Any particular probe, in which 
the junction is deliberately cooled 
by radiation and conduction, can 
be calibrated at lower temperatures 
by comparison with a_ reference 
standard; the calibration may then 
be extrapolated to higher-tempera- 
ture conditions. The same measure- 
ments of gas pressures and esti- 
mates of gas properties are required 
as In method (1) above. This ap- 
proach, as distinguished from that 
of method (1), is entirely empirical, 
so that each instrument must be 
separately calibrated. Several “as- 
pirated” designs” have been based 
on this approach; Figure 2 is a sim- 
plified representation of one such 
design. These designs have produced 
greater differences between junc- 
tion- and gas-temperatures than the 
bare-wire designs of method (1), 
and hence suggest a higher poten- 
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Figure 2. Extended-range thermocouple probe. Design of C. Foure’ (ONERA). 


tial upper limit of temperature rather than on total temperature) 
measurement. is here relied on completely for ex- 
trapolation of this calibration; 
whereas, in the case of the extended 


Cooled-Tube Probe range crossflow thermocouple, equa- 
tion (1) was used merely to apply a 

Sufficient experimental evidence correction that never exceeded 20% 
has been accumulated on the validity of the gas temperature. From the 
of equation (1) so that we are en- standpoint of durability, the useful 
couraged to take a further step in its upper-temperature limit of the cool- 
application: The measurement of the ed tube design is set by the maxi- 
heat transfer rate to a liquid-cooled mum coolant flow rate that can safe- 
thin-walled tube having the shape ly be maintained. From the stand- 
and dimensions of a crossflow ther- point of accuracy, the useful upper 
mocouple. A design by C. D. Lanzo’ limit generally is set by the un- 
is shown in Figure 3. The tube it- certainty in knowledge of gas prop- 
self is kept at almost room temper- erties due to uncertainty in knowl- 
ature; hence radiation corrections edge of nature and amount of gas 
are negligible if the tube can radi- dissociation at very high tempera- 
ate to cold nozzle-walls or to cold tures. Systematic and extensive ex- 
outside surroundings. The tempera- amination of the cooled-tube design, 
ture rise of the coolant is approxi- as a thermometer, has not yet been 
mately proportional to gas temper- performed. However, the instrument 
ature; the constant of proportional- provides a direct measure of heat 
ity is determined from equation (1) transfer rate, without dependence 
and an empirical calibration at a upon knowledge of gas properties. 
lower temperature. Such a low- Only the temperature rise, specific 
temperature calibration is needed for heat capacity, and mass flow rate of 
each probe constructed. Equation the coolant need be known; of these, 
(1) (modified so that gas properties only the temperature-rise measure- 
are based on a film temperature ment is subject to appreciable ex- 
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Figure 3. Cooled-tube pyrometer probe. 
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perimental uncertainties, because of 
the conduction errors of the thermo- 
couples measuring inlet and outlet 
coolant temperatures. 


Figure 4. Cooled-gas pyrometer probe. 


knowledge of these gas properties. 
Recombination of combustion prod- 
ucts after they enter the probe also 
will alter the fraction of gas en- 





ent upon specific-heat-capacity 
tios and molecular weights at g 
tions 2 and 4, upon the ratio of 
critical-flow areas at stations 9 
4, and upon some deviations 
isentropic flow. The possible Case, 
of random error are: a. removal ¢ 
mass by condensation of combygi 
products if the tube between sty. 
tions 2 and 3 is cooled excessively 
b. variation of nozzle area and g 
nozzle discharge coefficient due ty 
thermal expansion, accretion of sol. 
id combustion products, Reynoigs, 
number variation with  upstreg, 
gas-temperature level, and heet 
transfer between the gas and the 
nozzle walls; and c. the uncertaip. 
ties remaining after systematic og. 
rection for deviations from  jge. 
tropic flow, due to dissociation g 
the upstream nozzle and recombig;. 
tion on cooling, specific-heat-cap,. 
city variation with temperature, ay 


thalpy removed by the cooling pro- 
cess. Accretion of condensed com- 
bustion products on excessively -cool- 
ed tube walls must be avoided. 
Over the range 1500 to 3500°F in 
which it has been tested, the cool- 
ed-gas pyrometer has agreed with- 
in 2% with thermometers of other 


types. 


Pneumatic Probe 


varying degrees of thermal-energ 
relaxation as the gas passes throug 
the upstream nozzle. For fuller & 
tails concerning the nature and mag. 
nitudes of these effects, refereng 
should be made to the discussin 
and bibliographic references in th 
article’ reviewing the Lewis La 
oratory’s work. 

The apparently imposing list ¢ 
sources of error of the pneumat 
probe should not be interpreted s 


Cooled-Gas Probe 


Cooling is used in a different man- 
ner in the pyrometer designed by 
Krause, Johnson, and Glawe.” (Fig- 
ure 4). Here the gas is aspirated 
through a long tube whose inside 
walls are kept at substantially room 
temperature by circulating water. 
The rate of gas flow is restricted 
by a critical-flow nozzle at the 





= we apm Oe ee ok CO oe eee 6G CO ae Oe Be fe 2 ee ee See cee ee ee (ae eee ee 


The pneumatic-probe thermome- 
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downstream end of the long tube. ter, although employing both aspir- Slanitvina its inderiecier GE 
Gas flow rate is such that the gas ation and cooling, relies upon a still + tet RO ra th al 7 , 
temperature in a plenum just anead different physical principle for its in one of the coche po 

of the critical-flow nozzle is about operation. This principle is that the Sesidiie acini an a eae in ta 
1000°F when the total temperature pate of mass flow of a gas through of aaa” etm eine thermonalll 

of the gas at the mouth of the probe 4g restriction is a function of gas to- in cuits Conumesiene 4 fee 

is 4000°F. Thus, by removing heat _ ta) pressure, static pressure, and to- oneal wa “4 with the exhalll 
from the gas in a reproducible man- tal temperature, so that the temper- i " pate thermocouslalll 

ner, a relation is established be- ature can be computed if the other er Pipers: = tle seul . 
tween free-stream total temperature three quantities are measured. Ear- : a ait teat 

and the gas temperature after cool- ty work (1929-1952) has been out- ee a es 

ing; the relation includes a dimen- : 7 

sionless on cages hg! _ pressure, an ce to aaien te STATIC-TEMPERATURE t 
SoS Gregus, She ee Gee. Warshawsky.’ Design and opera- 

The only experimental eo tion are simplified if the probe is eS re 
= ee ete ieee built in the form shown in Figure 5, Spectral-Line-Reversal s 
‘nls eaten anuiteds dubee. wherein two critical-flow nozzles Thermometer 7 


(stations 2 and 4) are separated by 


mined by a separate test at a rela- a water-cooled tube. Measurement is 















































tively low inlet gas temperature made of the total pressures at sta- An advantage of most radiatiow} = I 

(say 500°F) where an accurate ref- — tions 1 and 3 and of the total temp- type thermometers is that the rad} b 

erence thermometer is available; in erature at station 3; this temperature 2M fluxes experimentally measur} 

addition, estimates are required of is on the order of 300 to 500°F. The are much more sensitive to tempe e 

the same gas-property values that = qesired total temperature at station ature than they are to gas densiyj t 

enter into all convective-heat-trans- 1 is given by or radiant-emitter concentration ti 

fer problems. As in the case of the This generally follows when the te te 

cooled-tube thermometer, the high- T; = T3(P1/P3)2F (2) lation 3 

est temperature that can be mea- I 
sured with good accuracy is set in where F is a calibration factor (ap- (flux) o mn - exp[—E/kT] 

large part by the uncertainty in proximately unity) that is depend- a 

governs the instrument’s behavitt Si 

(n is the volumetric density of emit SI 

/ COOLED ters, k is Boltzmann’s constant, ai d 

7 PH : E is an energy difference). For & tl 

GAS ample, at a typical operating poith Ss 

oa) FLOW the same change in flux is produ Vv 

eee / rererrerrrrrerth by a 1-% change in temperatures— 

| | | by a 10-% change in emitter concer u 

| | | tration. St 

ra 3 4 The spectral-line reversal methot W 

is of the null-balance type, where St 

Figure 5. Pneumatic probe. the steradiancy” at the wavelengt th 
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spectral line emanating from 
<5 gas is matched to the ster- 
f the adjacent continuous 


) 
po from a calibrated lamp 
that is viewed through the hot gas. 


A considerable amount of experi- 
mental evidence exists that, if the 

tral line is a resonance line of 
an alkali metal (such as the sodium 
D-line) and if chemiluminescence at 
this wavelength is absent, the mea- 
sured electronic excitation tempera- 
ture is the same as the translational 
temperature of the gas. The method 
is applicable to a gas which is essen- 
tially transparent prior to injection 
of the alkali metal; a sodium concen- 
tration on the order of 1 atom per 
10,000 atoms of gas is then suffi- 
cient to produce adequate radiant 
flux for a reliable null balance. In 
a high-velocity gas stream, local- 
temperature measurement is pos- 
sible by injecting sodium-containing 
powder from a small water-cooled 
probe inserted into the gas, upstream 
of the line of sight, so that only a 
small stream tube of the gas is col- 
ored. Buchele” describes a pyrome- 
ter (Figure 6) that uses this feature 
as well as a self-balancing mechan- 
ism that permits remote operation 
of the instrument — a necessity in 
studies on rockets. 

Accuracy of this type of instru- 
ment, when used in the field, is 
limited principally by effects of win- 
dow dirtying, emission and reflec- 
tion from liquid droplets and solid 
particles, and self-absorption by the 
cooler boundaries of the jet; partial 
correction for these effects can be 
made only by making some auxi- 
liary measurements of absolute ster- 
adiancies. 

The most accurate available ref- 
erence lamp is a _ tungsten-ribbon 
type; the melting point of tungsten, 
together with the non-unity trans- 
mission factor of the optical system, 
sets an upper limit of about 4000°F 
to the range of such a thermometer, 
with a reference-temperature inac- 
curacy of 10°F. If a carbon-arc 
lamp‘? replaces the tungsten-rib- 
bon lamp, and an adjustable opti- 
cal-wedge filter is used to vary the 
equivalent black-body temperature, 
the upper limit may be extended 
to about 5500°F with a reference- 
temperature inaccuracy of at least 
30 F. Such modification is current- 
ly being made to Buchele’s design. 


The red resonance-line of lithium 
also can be used in the line-rever- 
sal method; the sensibility of mea- 
surement is slightly poorer, but free- 
dom can thereby be achieved from 
the self-absorption effects of the 
sodium vapor often present inad- 
vertently around the exhaust jet. 
Other spectral emissions can be 
used if they are known to repre- 
sent an energy state in equilibrium 
with the translational-energy state; 
Some such emissions appear to be 
the OH band at 3064 angstroms and 


November 1958, Vol. 5, No. 11 


the CO. vibration-rotation band at 
4.4 microns.’ 

Wilson and his co-workers” have 
used the Sun as a 10,000°F refer- 
ence source in a lithium-line-rever- 
sal determination of hydrogen- 
fluorine flame temperatures. 


Kurlbaum Method 


A method of Kurlbaum’s is a sim- 
ilar null-balance technique appro- 
priate to gases of high emissivity 
(“opaque” or “luminous” gases).” 
The temperature of a reference lamp 
is adjusted until the steradiancy of 
the lamp, observed directly, is 
matched to the apparent steradiancy 
of the lamp when it is viewed 
through the hot gas. Local-tempera- 
ture measurements are no longer 
possible, unless the high emissivity 
has been artificially and locally in- 
duced, (for example, by sodium in- 
jected through a probe) in an other- 
wise transparent gas. The average 
temperature obtained is weighted 
toward the higher temperatures and 
toward the gas volume nearer to the 
energy receiver. Considerations of 
window dirtying, self-absorption, 
scattering, and chemiluminescence 
affect the accuracy of measurement, 
just as in the line-reversal method. 

The method may be adapted to 
remote measurement of exhaust-jet 
temperature by photographing, 
through the hot gas, either: a. a 
group of reference lamps, each of 
which is operated at a different, 
fixed, and known temperature; or 
b. a single ribbon-filament lamp 
whose image intensity is continu- 
ously attenuated along the ribbon’s 
length by a wedge filter or a ro- 
tating sector. Ribaud, Laure, and 
Gaudry’*4 describe techniques of 
this general nature. 


Radiant-Intensity-Ratio 
Measurements 


Several optical techniques exist 
that are not null-balance, but re- 
quire the measurement of the actual 
magnitudes of radiant flux received 
by a radiation detector. Two or three 
flux measurements are _ required. 
From a knowledge of the effective 
optical aperture in each of these 
measurements, the flux measure- 
ment can be converted to a steradi- 
ancy measurement. The ratios of the 
steradiancies thus determined can 
be inserted into simple formulas that 
yield the desired gas temperature. 
Broida’4 has summarized these 
formulas. 

The notable advantage of these 
methods is that a reference lamp as 
hot as the gas is no longer required. 
Hence temperatures above 6000°F 
can be measured. In each of these 
methods, the emissivity of the gas 
in the spectral interval being ob- 
served must be reasonably high 
(say ~0.5) in order to achieve ac- 
ceptable accuracy in temperature 
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Figure 6. Self-balancing line-reversal 
pyrometer, adapted for local-tempera- 
ture measurement. 


measurement. If the gas does not 
contain solid-particle emitters to 
provide this high emissivity, it may 
be necessary to seek a characteristic 
line or band that is in equilibrium 
with the translational-energy mode 
of the gas and that, at the center- 
frequency, does have adequately 
high emissivity. Self-absorption by 
jet boundaries, chemiluminescence, 
and window-dirtying affect these 
instruments just as they do the other 
optical devices. 

1. In a variation of Kurlbaum’s 
method, (Figure 7a), measurement 
can be made of the flux from the 
lamp alone, from the gas alone, and 
from the lamp viewed through the 
gas." Gas emissivity can be elim- 
inated from the resulting simultan- 
eous equations. Only the lamp cali- 
bration, and two intensity ratios de- 
rived from the three measurements, 
are required in the computation. 
Figure 7a gives the formula for prob- 
able error in temperature measure- 
ment; for simplicity, it has been 
assumed that each steradiancy meas- 
urement possesses the same frac- 
tional error 5N/N. When the gas 
is hotter than the lamp, the fractional 
uncertainty 5T/T in gas temperature 
measurement is always greater than 
the fractional uncertainty in lamp 
temperature and is increased fur- 
ther by the error in flux measure- 
ment. The uncertainty increases 
very rapidly as the gas temperature 
rises above the lamp temperature. 

2. The reference lamp in the 
above method can be replaced by a 
reflector (Figure 7b). Measurements 
are made of a. the direct flux from 
the gas and b. the flux after it is 
reflected and passes again through 
the gas. An _ absolute-steradiancy 
measurement, as well as the ratio of 
the two steradiancies, enters into the 
computation. Figure 7b gives the 
formula for probable error in tem- 
perature measurement, assuming 
equal probable fractional error in 
each steradiancy measurement. The 
fractional error in temperature 
measurement is comparable to the 
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Figure 7. Intensity-ratio methods and 
their probable errors. 


fractional error in steradiancy meas- 
urement if the gas emissivity exceeds 
0.5. This method has recently been 
applied to temperature measurement 
on a rocket engine, using a photo- 
graphic technique; a series of cali- 
bration lamps, located within the 
camera and photographed on the 
same film, permitted an absolute- 
steradiancy determination. 

3. The “brightness temperature” 
of the gas can be measured, with the 
equivalent of two monochromatic 
optical pyrometers, at two different 
wavelengths (“two-color method’’). 
If the gas radiation is primarily 
from solid particles in thermal equil- 
ibrium with the gas, so that the gas 
may be considered a gray body, or 
if the ratio of emissivities at the 
two wavelengths can otherwise be 
predicted, then the gas tempera- 
ture can be derived from the bright- 
ness-temperature measurements. 
The fractional uncertainty varies in- 
versely with the wavelength separ- 
ation. In remotely-operated devices, 
radiant-flux measurements are 
made at the two wavelengths, gen- 
erally with photocells. In this case, 
the fractional uncertainty in tem- 
perature measurement is comparable 
to the fractional uncertainty in ster- 
adiancy measurement only when 
the emissivity exceeds 0.5 and the 
separation between wavelengths is 
on the order of 1000 angstroms. 
High-frequency fluctuations of tem- 
perature and emissivity have been 
studied with this technique.” 
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Figure 7c gives the probable er- 
ror in temperature measurement 
(assuming equal probable fractional 
error in each steradiancy measure- 
ment), including the effect of un- 
certainty in knowledge of emissi- 
vity ratio. As in all methods shown 
in Figure 7, the error dN /N itself, of 
course, generally increases as gas 
emissivity is reduced. 


Spectral-Intensity-Distribution 
Measurements 


The optical methods hitherto de- 
scribed generally use a sufficiently- 
wide spectral band so that the lat- 
ter can be defined by an optical fil- 
ter or by a low-resolution spectro- 
scope. Thus, the techniques lend 
themselves to field measurements 
with instruments that can be made 
adequately portable and _ rugged. 
Sufficient accuracy is achievable 
only when gas emissivity is high. 
Sometimes this high emissivity must 
be artificially created by injecting 
a small amount of readily-ionized 
salt. 


Another group of techniques ex- 
amines the finer structure of a spec- 
tral band of a molecule, using a 
spectroscope of sufficiently-high 
resolution so that the intensities of 
lines corresponding to successive 
quantized energy transitions can be 
measured. The gas emissivity must 
be low and pressure broadening 
negligible. Corrections for continu- 
ous-background radiation and for 
self-absorption generally must be 
applied. Temperature is usually de- 
termined from a plot of intensity 
versus wave number, either the 
slope or the position of the maxi- 
mum being significant. The absolute 
determination of temperature relies 
upon knowledge of laboratory-de- 
termined transition probabilities. 


These methods are summarized 
elsewhere. °4: *B ** * They have 
not yet been applied to field meas- 
urements on an engineering level. 
However, they are of the highest im- 
portance in combustion research, and 
provide some of the most effective 
means for understanding the de- 
tailed physics and chemistry of com- 
bustion processes.” 


Radiation-Attenuation Methods 


The attenuation of a beam of a- 
particles,” electrons,“ or X-rays” 
has been used at various times to 
measure gas density. The tempera- 
ture can be derived from an inde- 
pendent measurement of gas pres- 
sure. The methods yield an average 
of gas density over the path length. 
Since temperature varies inversely 
with density, the higher-tempera- 
ture sections of the gas contribute 





least to the attenuation, while 
cold boundaries outside the jet 
duce most of the attenuation. 

as the exhaust-gas temperature jp. 
creases, the experimental inaccy. 
acies become proportionately greg, 
er, so that these techniques 

less suited to temperature meagyp. 
ment, although they may remain 
appropriate to density measuremen 


Near the other end of the elect, 
magnetic spectrum, the attenuati, 
of a microwave beam has been ugg 
for temperature measuremen# 
(Figure 8). Here, however, the a 
tenuation is not produced by the g. 
oms and molecules in the gas Stream, 
but rather by free electrons; an ade. 
quate supply can be created by jp. 
jecting an alkali halide into the ga 
Here, also, the attenuation varies ap. 
proximately as 


exp[-9 /(2KT)] 


(where q is the ionization potenti 
of the alkali metal), and is may 
more times responsive to a temper. 
ture change than to a change in 
kali concentration. The latter nea 
be only about 1 alkali atom in} 
million atoms of gas, and a 10-4 
change in concentration producy 
only a 1-% change in temperatur 
indication. The cross-sectional ¢& 
mensions of the beam are on th 
order of beam wavelength; 1.25 @ 
(24,000 Meps) is the shortest that 
has been used to date. 


The linear working range is limit 
ed to a span of about 1000°F; ths 
span can be shifted within a rang 
that has a minimum of 3000°F an 
a maximum of 5000°F by appropri 
ate choice of alkali and of concet- 
tration. The range can be shifted u- 
ward further by using a material d 
higher ionization potential. Absolute 
temperature measurement has 3 
probable error of 100°F at best, ani 
involves considerable experimentd 
and theoretical difficulties. However, 
the sensitivity to temperature flue 
tuations within the _ linear-spa 
range is very high, and little affect 
ed by those factors that prevett 
good absolute accuracy. A l0? 
change is readily detected. Tempe 
ature fluctuations of several kilo 
cycles per second have been stut- 
ied.” °° 


COMPARISON OF METHODS 


An accepted reference standatl 
does not exist for gas temperatulé 
as it does for solid-object tempe& 
atures. The equivalent of the black 
body radiator can not be easily de 
vised for the calibration of the 
mometers whose operation varlou® 
ly depends on the high velocity @ 
the gas stream, on deliberate ™ 
diation to cold surroundings, ® 
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of hot gas, or on drawing 
e energy from the gas. 
of the Lewis Laboratory 


aspiration 
appreciabl 


embers ) 
aatt have inter-compared, in the 


as jet, several local-temper- 
pra endicators operating on dis- 
tinctly-different principles’ and have 
found them to have an average de- 
viation of one percent from the 
mean of the indications of all the 
instruments. This good agreement 
was obtained only when the great- 
est care was taken to apply all sys- 
tematic corrections, and when the 
tests were conducted by experien- 
ced instrument engineers. Consider- 
ably greater disparities may reason- 
ably be expected under ordinary en- 
gineering test conditions. 

Full appreciation of absolute accu- 
racy attainable with any instru- 
ment does not appear possible ex- 
cept where several distinctly-dif- 
ferent techniques are simultaneous- 
ly applied to the same measurement 
problem. ; 

Averaging optical-radiation in- 
struments can not be compared in 
accuracy unless an estimate can be 
made of the distribution of gas tem- 
perature and emissivity along the 
path. Ordinarily, the null-balance 
instruments may be expected to be 
more accurate than the others. The 
latter, however, permit high-fre- 
quency measurements, although the 
calculations involved may be lab- 
orious. The microwave-attenuation 
method is most readily used for 
high-frequency measurements, and 
has the further advantage that only 
relatively expendable equipment 
(wave guides, horns and lenses) 
need be in the immediate vicinity of 
the exhaust jet. 

Considerations of simplicity and 
cost of equipment in the vicinity of 
the exhaust jet, and of simplicity 
and reliability of operation in the 
field are as important as accuracy 
considerations. The best compromise 
must be determined separately for 
each application, all known sources 
of random error and potential sour- 
ces of operating difficulties being 
taken into account. For any particu- 
lar method, the list of sources of er- 
ror and of operating difficulties pre- 
sumably will grow as one’s exper- 
lence grows, but this should neither 
imply the superiority of some less 
— technique nor inhibit its 
rial. 
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Calibration of High-Frequency-Response 
Pressure Transducers 


by Dr. Ralph Bowersox 


Chief of the Instrument Development Section 


Jet Propulsion Laboratory, California Institute of Technology 


The high-frequency limitations of 
pressure gages are of paramount im- 
portance in some measurements, par- 
ticularly with unstable combustion 
of rocket motors. Because of the 
difficulty or impossibility of gen- 
erating sinusoidal pressure varia- 
tions at high pressures, the high- 
frequency response cannot be di- 
rectly determined; in consequence it 
is necessary to use aperiodic func- 
tions for test purposes. The shock 
tube has proved to be useful in the 
generation of large pressure steps 
having a rise time less than 1 sec- 
ond and with pressure durations of 
10 milliseconds. The translation from 
the transient response of a pressure 
gage to its frequency response in- 
volves the evaluation of a Fourier 
integral, and can be carried out on 
a digital computer or desk calcula- 
tor. Details of the peaks of more 
complicated frequency-response 
functions have been investigated by 
using a jet of air as a noise source 
to excite gage response and by an- 
alyzing the electrical output with a 
commercial wave analyzer. The hy- 
dronamic theory of the use of liquid- 
filled connecting tubes between the 
rocket motor and the pressure gage 
has been worked out. Even with 
optimum transducer impedance, the 
length of connecting tubing must be 
a small fraction of an inch if high 
frequency response of the system is 
desired. 

This paper presents the results of 
one phase of research carried out at 
the Jet Propulsion Laboratory, Cal- 
ifornia Institute of Technology, un- 
der Contract No. DA-04-495-Ord 18, 
sponsored by the Department of the 
Army, Ordnance Corps External 
Publication No. 558. 


INTRODUCTION 


PRESSURE OSCILLATIONS 
with frequencies in the many thou- 
sands of cycles per second that fre- 
quently occur in rocket motor de- 
velopment tests have a very marked 
effect on motor performance and in- 
fluence such factors as heat trans- 
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fer rates and design tolerances of 
material strengths. Consequently, it 
is important that the pressure re- 
cords be exact representations of the 
actual pressure variations. Combus- 
tion instability investigations re- 
quire such stringencies as measuring 
the relative phases of high-frequen- 
cy oscillatory pressures at various 
positions along the combustion- 
chamber walls. From these consid- 
erations, the importance of deter- 
mining the dynamic response of 
pzvessure gages is obvious. 
Quantitative representations of 
the dynamic response could take the 
form of a set of output functions 
corresponding to various typical in- 
put functions, such as step functions 
or impulse-type functions. However, 
for most purposes, it is more con- 
venient to specify the response of 
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the transducer to various oscil 
tory forcing functions or differ 
frequencies, this specification being 
of course, the frequency response 
the transducer in question. 

One naturally would think of pe. 
forming such a frequency respong 
calibration in a way similar to thy 
which is used for the calibration g 
microphones or, perhaps, electron 
amplifiers; that is, by the applic. 
tion of a sinusoidal variation } 
pressure, of known frequency a 
amplitude, to the transducer. Up 
fortunately, rocket-motor chambe 
pressures usually exceed 200 # 
and pressure variations have bes 
observed at frequencies as highs 
30,000 cycles per second. As ye 
there is no readily available soum 
of sinusoidal pressure oscillations» 
a gas at these large amplitudes ai 
high frequencies, although such: 
source has recently been describe 
utilizing a fluid as the connectix 
medium between the driving sourt 
and the transducer. However, sit 
ple generators can be made to ge 
erate pressure step functions, a 
it is possible to compute the dynam 
ic frequency response of the pre 
sure gage from its time response t 
a simple forcing function. This com 
putation is generally carried out} 
making use of the Laplace tran 
form theory in which the ratio d 
the Laplace transform of the outpi 
transient function to the Laplat 
transform of the input  transiél 
function is converted to a frequé 
cy response function by substitu 
ing jw for the complex frequeng 
s of the Laplace transform theory 


TRANSIENT METHODS 
OF TESTING 


The wave form to be generalét 
and used as a forcing function ® 
transient testing of pressure tral 
ducers is generally chosen on 
basis of three main consideratio® 
First, the wave form must be rea 
ily generated at sufficient ampli 
tude. Second, the wave form mis 
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formation at the high fre- 
d of the spectrum. Third, 
form must be readily 


contain in: 
quency en 


the wave : 
amenable to mathematical analysis 


f e purpose of the computations. 
On a acto of the third considera- 
tion, the unit impulse function is 
frequently suggested since its La- 
lace transform is unity. However, 
it has not been found possible to 
enerate a sufficiently-exact ap- 


sroximation to the mathematical 
ynit-impulse function, and the step 


function is most generally chosen 
in its place, although this function 
has the disadvantage that the ampli- 
tude of its frequency spectrum is 
inversely proportional to the fre- 
quency and the information con- 
tained in it falls off rapidly at high- 
er frequencies. It also has been sug- 
gested that a triangular impulse 
function could be used; but its fre- 
quency spectrum contains less in- 
formation at both low and high fre- 
quencies than does the step func- 
tion, and the function is not a simple 
one to generate. It should be re- 
membered that it is also impossible 
to generate a perfect step function, 
and that this is at best approximat- 
ed by a ramp function with a dura- 
tion not greater than 10 sec. The 
magnitude of the frequency spec- 
trum of such a ramp function falls 
to 0 at a frequency equal to 1 di- 
vided by the time duration of the 
ramp itself. 


Perhaps the simplest way to gen- 
erate an approximate step function 
is to use the burst diaphragm tech- 
nique. This consists of mounting a 
frangible diaphragm as close as 
possible to the face of the pressure 
gage with a minimum enclosed vol- 
ume between the two. This volume 
is then pressurized slowly, and the 
diaphragm is allowed to burst na- 
turally or is ruptured by means of 
a puncture mechanism. The pres- 
sure on the transducer falls to the 
ambient pressure in the volume into 
which the diaphragm is allowed to 
burst (usually free air), the result- 
ing pressure change constituting a 
negative step. Although such a pres- 
sure change can be made to occur in 
a small fraction of a millisecond, it 
has been our experience that the 
transient response of the pressure 
gage to such a negative-going step 
is not always typical, probably be- 
cause any oscillations which are 
elicited in the gage response must 
take place in the vacuum region. 


A closed bomb consisting of a 
heavy-walled chamber within 
which a dynamite cap may be ex- 
ploded also has been used as a pres- 
Sure step generator. This has the 
advantage of creating a surge of hot 
gas which approximates the condi- 
tion in the rocket motor chamber, 
and high pressure steps can be de- 
veloped readily. However, the rise 
time ds generally of the order of 
Magnitude of 0.3 milliseconds, and 
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is much too long for the successful 
evaluation of the frequency response 
at the high-frequency end of the 
spectrum. 


THE SHOCK TUBE 


The shock tube is by now the 
most popular method of generating 
a step function in pressure, and is 
capable of generating such a func- 
tion with a rise time no greater than 
1 microsecond and an amplitude of 
several hundred or even several 
thousand psi. The present version, 
which was developed at Princeton 
University during the war, is ade- 
quately described in the literature." 
The shock tube is a long tube 
closed at both ends and divided into 
two chambers by a thin burst dia- 
phragm. Suitable pressures are es- 
tablished in the two chambers and 
the diaphragm is caused to shatter. 
This rupturing of the diaphragm 
causes the formation of a _ shock 
wave which travels forward into the 
low pressure region, and a rarefac- 
tion wave whose front travels back- 
ward into the chamber originally at 
high pressure. Figure 1 is a sche- 
matic diagram of pressures and 
waves in a shock tube at various 
times after the diaphragm is punc- 
tured. If air is used in both cham- 
bers of the shock tube, the theory 
developed in references 2 and 3 in- 
dicates that the shock wave travels 
into the low pressure region with a 
theoretical velocity 


6 1% 
Vanoce = C; 1+p) /p-4 (1) 
7g 


(See Figure 1 for terminology). 
Since the magnitude of the pressure 
in the low pressure chamber is 
known and the velocity of the shock 
wave is measured, the magnitude of 
the difference in pressure across the 
shock front may be calculated from 
the pressure ratio expressed in Equa- 
tion 1. 

When the shock wave strikes the 
fixed end of the shock tube, a re- 
flected shock wave is formed which 
travels back up the tube. The pres- 
sure difference P;—P, across this 
reflected shock wave is greater than 
twice the pressure difference across 
the original shock front, and may 
be seen by the equation 





P5-P1 1 es 2 
Pe-P1 _— + 6t+1 S=Pp1/Ppe2 ( ) 


A pressure gage located either at the 
end or at the side of the shock tube 
will see a pressure step as the shock 
wave goes by, followed thereafter 
by a constant-pressure region until 
either the reflected shock or the re- 
flected rarefaction reaches the gage. 
(It is possible to calculate the pres- 
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Figure 1. Schematic diagram of pres- 
sures and waves in a shock tube. 


sure ratio across the shock front 
from the initial pressures across the 
diaphram by using an approximate 
theory; however, the values ob- 
tained in this way are apt to be con- 
siderably in error.) 

There have been many different 
kinds of shock tubes constructed at 
various laboratories throughout the 
country, and no one design is best 
for all purposes. Apparently, the 
cross-sectional dimensions of a 
shock tube are of secondary import- 
ance, but the length of the shock 
tube closely determines the duration 
of the steady-state pressure follow- 
ing the shock front. The shock tube 
constructed at the Jet Propulsion 
Laboratory was designed accord- 
ing to the following specifications:' 


1. air to be used in both cham- 
bers with a maximum of 600 psi in 
the pressure chamber; 

2. a constant-pressure time inter- 
val of ten milliseconds following the 
passage of the shock front; 

3. a maximum desired pressure 
step of 350 psi at the end of the 
shock tube; 

4. the minimum length of shock 
tube consistent with the above cri- 
teria; 

5. the tube to be designed for ease 
of replacement of diaphragms. 

In the final design, a tube with 
a 7-ft-long high-pressure chamber 
and a 15-ft-long low-pressure cham- 
ber was found to be practical when 
using shock strengths, p;/pe2, around 
0.6. A side gage location was fixed 
at a point 7.5 feet from the dia- 
phragm in order to be sure that the 
shock front would be well formed. 
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Figure 2. Shock tube. 


Since most gages to be tested have 
a more or less flat diaphragm, a 
tube of rectangular cross section is 
desirable. For this reason, square 
Shelby tubing with a wall thick- 
ness of % inch and an internal di- 
mension of 1-%8 inches on a side was 
selected. Figure 2 is a photograph 
of this shock tube mounted on the 
wall of the room with the supply 
panel and air pressure gages mount- 
ed above the tube. Figur2 3 shows 
how pressure gages are mounted in 
adapter plates which can, in turn, 
be mounted either at the side-port 
location or the end-port location. 
Typical response traces of a com- 
mercial-pressure gage are shown 
in Figure 4. 

The diaphragm material used in 
this tube is Mylar film in thickness- 
es from 1 to 5 thousandths of an 
inch. Although this film does not 
shatter as completely as do other 
materials, very good shock waves 
are formed, and greater pressure 
differences may be sustained with 
thin Mylar than with other mater- 
ials. The fact that the internal di- 
mensions of the shock tube are 
fairly small and that the walls are 


Figure 3. 
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not polished led to some question 
about the character of the shock 
waves which are formed. Schlieren 
picture investigation for the shock 
waves formed by this tube has in- 
dicated, however, that the _ rise 
time of the wave front is something 
less than 1 microsecond, and that 
no turbulence follows the passage 
of the shock front even though My- 
lar film is used for the diaphragm 

material (Figure 5). 

The following conclusions have 
been drawn from the Schlieren in- 
vestigation of this shock tube. 

1. Small irregularities of the shock- 
tube walls generate no observ- 
able disturbances or turbulence 
capable of affecting gage re- 
sponse. 

2. Shattering and non-shattering di- 
aphragm materials produce al- 
most identical shock-front char- 
aracteristics when ruptured by 
pressurizing the high-pressure 
chamber until the diaphragm 
bursts. 

3. There does not appear to be any 
turbulence in the flow following 
the passage of the shock front of 
sufficient magnitude to affect 





Gage adapter-plate and side gage port. 


the observed gage response » 
cord. The phenomenon of a slop. 
ly-increasing pressure follow 
the shock front, instead of a 
stant pressure, is observed jn 
shock tube as it is in Others, By 
this effect can be minimize b 
using shock strengths jp ih 
neighborhood of 0.5, 


TRANSFORMATION FRoy 
TRANSIENT RESPONSE 
TO FREQUENCY RESPONSE 

It can be demonstrated that 4 
entire amplitude phase versus frp. 
quency relationship over the » 
quired frequency spectrum cap} 
derived from a single response , 
a step function as generated by ; 
shock tube. This method has & grey 
advantage from the experimey 
point of view since it avoids % 
tedious process of attenuation a 
phase measurement at a large gy 
cession of frequencies. However ; 
must immediately be admitted ty 
the tedious experimental procedy 
is only traded for a large amount; 
computation, but modern digi 
computer facilities effectively » 
lieve this tedium. The amplity 
phase versus frequency represeny 
tion of system performance is mz. 
datory when records having steajy 
state periodic variations are evaly 
ated; in many instances, howevy 
the transient response to step fu» 
tions constitutes an adequate rep 
sentation of the dynamic perfom. 
ance without carrying out the tra 
sient time response to frequeng 
spectrum transformation. 

The basic theoretical backgrow 
of this subject matter has long be 
established as part of the theory? 
Fourier transforms, but not ut 
relatively recently have the pring 
ples been very generally applie 
The unilateral Fourier integral ¢ 
the transducer output time functie 
F(t) may be written: 


x t 
f(wj+yn)—fe“r’F(t)dt @ 


where w is the frequency in rai 
ans/sec. The first term in this equ 
tion is a complex frequency-t 
sponse function whose value is @ 
sired as yn is allowed to shrink! 
zero. This Fourier integral may? 
evaluated in several ways, whit 
generally involve first, represent 
the function F(t) by different # 
proximations and second, expaniilt 
the integral into a finite series for 
which may be evaluated numeri 
ly. From a fundamental theorem? 
the calculus: 


f(mj+n) = 
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where An represents values of F(t) 
easured at equal time intervals At). 
itis assumed here that at time NAt, 
the transient ordinates, An, level oif 
to the steady value Ax; thus Ay is 
removed from the second summa- 
tion. Since the first summation is 
finite, n is put immediately equal to 
zero in this term. The second sum 
in the above equation is easily eval- 
uated analytically since it is recog- 
nized as a geometric series which 
converges for positive n as " ap- 
proaches zero. The complex fre- 
quency response function f (wj) may 
be written f(wj)=(X+7Y) At, giv- 


ing 


N 
(X+jY)At=At 3 eo" An+AtAs 
n=1 
e ( Nel )8) 


l-e* (5) 


After separating Equation 5 into 
real and imaginary parts, X and Y 
may be written: 


N 
X=3 A, cos né—- 
n=1 


AY sin Nécote/2+cos Na) 


A, sin né— 


anf Ne cot 6/2—3inNé@) (6) 


The value of the transform for a 
step input may be written as Ax/«). 
The magnitude of the frequency re- 
sponse function is thus given by: 


@® - ° 
F(w)|— —— \/X24+ Y2 (7) 
(w) _ VAl+ 


In the above equation, © is equal to 
w/At and is proportional] to the fre- 
quency. This frequency-response 
function may be evaluated on a di- 
gital computer for various values of 
6 and the resulting magnitudes 
plotted as a function of frequency. 


A somewhat different method of 
evaluating the frequency response 
from the transient response is dis- 
cussed in a paper by C. R. Tallman 
given before the meeting of the 
American Rocket Society in Los 
Angeles, in June 1958, “Transducer 
Frequency Response Evaluations 
for Rocket Instability Research.” In 
this paper, the author uses a series 
of straight-line approximations to 
the transient-response function and, 
after differentiating the approxi- 
mated function twice, is able to 
Write the transform of the approxi- 
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Figure 4. 


Typical response traces of Atlantic Research Cor- 


poration (Alexandria, Va.) barium titanate gage type (BC-60. 


mated function as a finite series of 
terms. The series to be evaluated 
by the computer in order to obtain 
the frequency-response function 
then turns out to be a pair of sine 
and cosine series similar to the ones 
that are shown above. 

The numerical evaluation of the 
frequency-response functions cor- 


responding to a number of known 
transient functions has been carried 
out on a digital computer in order 


Figure 5. Schlieren photograph of 
shock wave approaching end of shock 
tube. 


to determine the accuracy of the 
approximations involved and the 
effect of errors in the original aia. 
Figure 6 shows the results of this 
evaluation for a circuit having two 
coupled modes of oscillation. This 
study of the effect of the most prob- 
able types of error indicates that a 
small percent error of a ranauin 
nature in the original data will 
caus2? about the same percent error 
in the calculation of the amplitude 
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Figure 6. Frequency and transient re- 
sponse for a dual-mode circuit. 
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Figure 7. Transient 
response of a typical 
high-frequency  pres- 
sure gage with double 
diaphragm. 





of the frequency-response function. 
If a constant error is present in the 
input data, such as a zero shift, 
it will have very little effect on 
values of the frequency response, 
except near unity. If a single error 
occurred in the data, such as a 
mistake in entering a number into 
the computer program, it will cause 
the greatest effect in the computed 
frequency-response function. In fact, 
the error in the output continually 
increases at higher frequencies until 
it becomes larger than the true val- 
ue of the frequency response at fre- 
quencies above about 1000 cps. 
These computations also have veri- 
fied the interesting conclusion that 
the frequency response may be com- 
puted at a given frequency from the 
transient response if at least two 
measurements of the transient func- 
tion are made for each cycle of the 
frequency to be investigated, and 
provided that a sufficient number 
of measured points are available 
for the computation. 


USE OF AN AIR JET AS A NOISE 
SOURCE FOR FREQUENCY 
CALIBRATION OF PRESSURE 
GAGES 


Although the mathematical theory 
for the transformation from a tran- 
sient response to frequency re- 
sponse has proved very useful for 
simpler types of transient response, 
some pressure gages exhibit a very 
complicated response’ containing 
combinations of non-harmonic high- 
frequency oscillations. In order to 
utilize the computer theory outlined 
above, it would be necessary to 
make a large number of measure- 
ments on such data, and the job 
again becomes quite tedious. This 
peculiar response is brought about 
by the fact that most high-fre- 
quency pressure gages for rocket- 
motor research must be water-cool- 
ed in order to stand high heat-trans- 
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fer rates. This, in turn, necessitates 
a construction with two or more 
diaphragms and water-cooling pas- 
sages which then results in a com- 
plicated mechanical structure with 
a number of resonant frequencies. 
(See Figure 7). 

In order to analyze the frequency 
response of gages such as these, it 
has been found useful to utilize the 
shock tube to get a dynamic cali- 
bration of the gage at reasonably- 
high pressure-levels, and then to 
combine this data with a frequency- 
response determination made at 
low pressure-levels. This latter fre- 
quency-response analysis is made 
by means of an air jet used as a 
noise source to excite the pressure- 
gage output at all possible frequen- 
cies. The electrical output of the 
pressure gage is then analyzed by 
means of an electrical spectrum an- 
alyzer containing a narrow band- 
pass filter whose frequency center 
can be swept across the spectrum 
from very low frequencies up to 
50,000 cps. Although the absolute 
pressures which can be achieved 
by such a noise source are small 
compared to 1 psi, yet the electrical 
background noise in the pressure 
gage has been small enough so that 
adequate frequency-response curves 
can be constructed. A typical re- 
sponse curve for one of the pres- 
sure gages is shown in Figure 8, and 
contains two sharp resonant peaks 
at frequencies near 30,000 cps in 
agreement with transient-response 
data obtained by means of the 
shock tube. 

Theoretical data on the use of air 
jets as noise sources indicate that 
the intensity of the noise generated 
is proportional to a high power of 
the exit velocity of the jet. In ad- 
dition, since the gage is mounted 
with its face perpendicular to the 
impinging air jet, it is no doubt true 
that a large amount of turbulence 
is generated by the impact of the jet 
on the face of the pressure gage. 


In order to determine the chy. 
acteristics of such a noise source; 
small quartz-crystal pressure ge 
whose frequency characteristig 
have been studied on the sho 
tube is used as a standard pressyp 
gage. With this standard gage ; 
has been determined that a m 
sonably-small jet of air workings 
moderate air pressure is capable d¢ 
generating frequencies whose am 
litudes are quite uniform out 
yond 50,000 cps. It is felt that th 
use of a shock tube for the dynam 
calibration of the pressure gage # 
high pressure levels to establish it 
linearity and general frequency-t% 
sponse’ characteristics, combiné 
with the use of such an aif 
noise-source to determine the mo 
exact frequency spectrum, will git 
a reliable indication of the frequer 
cy-response characteristics of th 
pressure gages which are comme: 
cially available at present. 


RESPONSE OF TRANSDUCER 
COUPLING SYSTEMS 


The problems which have be 
discussed so far involve the me 
surement of the dynamic respon 
of the pressure gage alone. How 
ever, in many cases it is impossibl 
to connect the pressure gage clos 
to the rocket motor chamber be 
cause of the high temperatures 
volved, and it becomes necessary # 
use a liquid-filled tube between tlt 
pressure chamber and the pressilt 
gage. The combination of the trait 
mission tube and the transducer ha 
a considerably different frequency 
response characteristic from that? 
the transducer alone; and it is & 
sential that this frequency respol* 
be known so that some estimét 
can be made of the  accuraf 
achieved in measuring the cha 
ber pressure. In principle, it woult 
be possible to measure the freque® 
cy response by methods already out 
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every possible combina- 

- ¥ oaawere transducer and 
transmission tubing. However, this 
js impossible from a practical stand- 
int, and it is desirable to evolve a 
mathematical theory for the way in 
which the transmission tube affects 
the frequency response of the trans- 
stem. 

Tee fixet step in the analysis 
which pertains to the characteristics 
of wave propagation in the cylin- 
drical transmission tube utilizes hy- 
drodynamic theory of wave propa- 
gation in the viscous medium to ob- 
tain a general propagation function 
for the cylindrical tube. In the sec- 
ond step of the analysis, this propa- 
gation function is used in an equa- 
tion analogous to the electrical 
transmission line theory with | the 
transducer acting as a capacitive 
load on the transmission tubing. The 
propagation function for the funda- 
mental mode of oscillation as com- 
puted from hydrodynamic theory is 
expressed by the following equa- 


tion: 


i | 2u 


7 
2a \ xp. 


a-—w/c (+90 oy )(8) 


The function a gives the phase shift 
and attenuation of a pressure wave 
traveling in a cylindrical tube, and 
is analogous to the propagation func- 
tion used in electrical transmission 
theory. In the above equation: w=2zf, 
c is the velocity of sound in the 
fluid, a the radius of the tube con- 
taining the fluid, u the shear coef- 
ficient of viscosity, and p. the den- 
sity of the propagating medium. For 
most fluids, such as light oil, which 
may be used in such connecting 
tubes, the second two terms in the 
parentheses are negligibly small. 

By analogy to the electrical trans- 
mission-line theory, the transmis- 
sion equation for a fluid-filled tube 
terminated by a pressure transducer 
may be written as follows: 


(9) 


raz.) _— 
e-vZY1 


Zx+Zol _ 
Z.+Ze 


na — a jes 4X1 


where p.=rocket-motor chamber 
pressure, p:=pressure at the trans- 
ducer termination, Zz = termination 
impedance, Zo = characteristic im- 
pedance of the tube, Z = analogous 
series impedance of the tube, Y = 
analogous shunt admittance of the 
tube, 1= length of the cylindrical 
tube, and the product ZY = -a’, 
whose value is given by the preced- 
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ing equation. The solution for this 
equation may be found under vari- 
ous practical conditions. In particu- 
lar, for the case where the pressure 
transducer is a flat diaphragm and 
its impedance C, is therefore capaci- 
tative in nature, the solution may 
be written in the following form: 


= =c0s B1—nsin B (10) 
+ia; (sinB;+ cos B,) 


where 


1 2u 
j 


a\;— - 
2ca \ Mpo 


8 @ | ol Qu 
i—- —— 
c 2ca V wp. 


WC pol i 2u 
n= —— tt —— 
na 2a Vp 


The solution of the transmission 
equation for the case in which the 
pressure transducer has a mechani- 
cal resistance as well as capacitance 
is considerably more complicated, 
and is given in Reference 6. Thus, 
if it is possible to adjust the impe- 
dance of the pressure transducer so 
that it equals the characteristic im- 
pedance of the connecting tube, the 
ideal frequency-response function 
for a particular length of tubing is 
achieved. The transfer functions un- 
der these conditions become simply: 


De ~VZ¥1 


—— —C 


Pe 


A solution of this latter equation 
indicates that, for flat frequency re- 
sponse out to 10,000 cps, the lengths 
of tubing must be no greater than 
0.1 in. Obviously, for high-frequen- 
cy-response transducers no con- 
necting tubing can be used at all. 


CONCLUSIONS 


The dynamic responses of many 
different pressure-transducer sys- 
tems have been evaluated on a more 
or less routine basis by means of a 
fairly-simple shock tube, and such 
factors as the amount of damping 
and percent of overshoot, as well as 
the frequency response, have been 
evaluated. The use of an air-jet noise 
source has likewise proven valu- 
able, and equipment for using this 
method on a routine basis is at pres- 
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Figure 8. Frequency response curve 
for transducer with transient response 
shown in Figure 7. 


ent under construction. It has been 


found desirable to test new 


gages 


under dynamic conditions in order 
to detect peculiarities in response 
or mechanical defects which might 
otherwise escape notice. This is es- 
pecially true of new models whose 
characteristics may be insufficient- 
ly determined by the manufacturer. 
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Magnetic Tape Storage of Telemetry Data 


Head of Data Systems Section, Space Technology Laboratories 


Magnetic tape storage of telemetry 
information is the primary means 
of effecting the requisite time delay 
between missile flight test and data 
reduction and analysis. The record- 
reproduce process introduces error, 
principally as a result of mechanical 
instabilities. The effect of these in- 
stabilities upon PCM, PDM, and FM/ 
FM telemetry system data are dis- 
cussed; techniques for determining 
the noise or error magnitude are 
given for each. 


MAGNETIC TAPE STORAGE of 
telemetry information has become 
the primary means of effecting the 
requisite time delay between missile 
flight test and data reduction and 
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analysis. Ideally, the storage medi- 
um would be just that—a controlled 
and distortionless time-delay device. 
However, the magnetic tape machine 
record-reproduce process introduces 
error, principally as a result of elec- 
tronic circuit instability. Unfortun- 
ately, in carrying over from the 
broadcast industry a_ descriptive 
term for these errors, the NARTB 
specification has also been adopted. 
In most instances, a machine speci- 
fication for wow and flutter quoted 
“in accordance with NARTB stand- 
ards” is of little value in assessing 
the machine as a telemetry data- 
storage device. The term “tape- 
speed error” is used here and in- 
cludes: 


a. The static error resulting when 
the reproduce process is accom- 
plished at a different tape speed 
than the record process. 


b. Low frequency speed error which 
results when either the record or 
reproduce process is accomplish- 
ed with a slow drift in speed. 


c. Random or cyclic variations in 
the instantaneous tape speed 
across the record or reproduce 
heads. 


The error which is introduced as 
a result of tape speed changes (in- 
cluding that resulting from incre- 
mental tape stretching) is depend- 
ent upon the data format. Thus, a 
specification for speed error general- 
ly applicable to all instrumentation 
formats would be difficult to. derive 
and more difficult to employ. 


PULSE CODE MODULATION 
SYSTEM DATA STORAGE 


In the return-to-zero, binary, PCM 
system, information is transmitted 
as the presence or absence of pulses 
or bits; a group of pulses (a number 
or “word’”’) represents a single val- 
ued sample of the monitored func- 
tion. 

If the receiver output were to be 
recorded, and a minimum of pulse- 
shaping circuits utilized, the code 
bit pulses would be recorded in a 





cyclic serial sequence on a singk 
tape track. Current practice allows 
a recording density of some 400 bits 
per inch. Now assume the use of; 
system with a bit rate of 240,000 bits 
per second: the required recording 
speed is 600 inches per second. Hoy. 
ever, with the use of some elemental 
circuits, and a multitrack recorde, 
a complete number or word may lx 
represented by the series of pulsy 
recorded simultaneously across the 
tane in a line normal to tape travel 
Hence, for a 12-bit code word, a 
249.0C0 bit-per-second rate, and 4 
recording density of slightly les 
than 400 bits per inch, a tap? speed 
of 60 inches per second may be uti- 
lized. 

The accuracy of pulse code data 
transmission or storage depends up- 
on the number of bits used to rep 
r>sent the sample. Rather large vari- 
ations are allowable in the timing od 
each pulse, since the information is 
in the presence or absence of the 
pulses rather than their relative spa- 
cing. Therefore, the tape-speed et 
ror-characteristics of the record-re 
procucer are essentially  insignifi- 
cant. However, the tape character 
istics which contribute to drop-outs 
and cause the loss or an addition 
of a pulse are important. To min- 
mize this effect a parity check may 
be employed, by the use of another 
tape track, so that erroneous code 
words may be ignored in the dala 
reduction process. 


PULSE DURATION MODULATION 
SYSTEM DATA STORAGE 


In the PDM system, the informa 
tion is transmitted by serially samp 
ling the various data sources and 
varying the transmitted pulse dura- 
tion linearly with the corresponding 
data sample amplitude. Thus, the it 
formation is a function of the time 
relations of the leading and trailing 
edges of the pulse. 

In recording test data, it is de 
sirable to perform some pulse shap- 
ing prior to the actual record prot 
ess. Post-detection filtering may & 
effectively employed to increase thé 
signal-to-noise ratio and hence low 
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formed external to other machines. 
since the amplitude and phase re- 
sponse of most machines is poor at 
the lower frequencies, recording the 
PDM wavetrain directly is not feas- 
ible. Rather, pips are derived, cor- 
responding to the pulse leading and 
trailing edges, and are recorded. (It 
is feasible to derive pulses of the 
proper characteristics external to the 
machine, and successfully to record 
and reproduce these data utilizing 
machines not specifically designed 
for PDM applications) . 

The recorder-reproducer will in- 
troduce error by time modulating 
the recorded pips. This time modu- 
lation results from variations in the 
instantaneous tape-speed across the 
record and reproduce heads, and 
from instabilities in the pulse-shap- 
ing circuits, both prior to recording 
and also in the recovery circuitry 
used to convert back to the duration 
modulated signals. 

Both a minimum signal pulse 
(signal or instrument ground) and a 
maximum signal pulse (full-scale 
transducer excitation) are normally 
transmitted once each frame for 
compensation purposes. PDM data 
usually is reduced as a percentage of 
full-scale multiplied by some scale 
factor. 


Re Ke 
f —- —__—_ x F 1 
6. be ( ) 


Where t; is the time duration of the 
pulse corresponding to the informa- 
tion, trs is the time duration of the 
full-scale reference, t. is the time 
duration of the minimum reference, 
and F is the scale factor. It is ap- 
parent that adding or subtracting a 
constant to all pulse durations will 
not result in an error, whether the 
stretching occurred as a result of a 
static speed error, or as a result of 
bandwidth limitations. Likewise, a 
low frequency drift in effective tape- 
speed, resulting from instabilities in 
the capstan drive electrical system 
or from dimensionally-unstable tape, 
will introduce insignificant errors if 
the drift rate is low with respect to 
the telemetry system sampling rate. 
It is seen also that adding a quan- 
tity to all channels which is pro- 
portional to their individual pulse 
duration will not result in error. 
Certain machines tend to exhibit 
a speed instability resulting from 
mechanical system resonances. Char- 
acteristically, the variations will 
have a frequency of about 1.5 cps 
and a peak-to-peak amplitude of 
0.1%. It can be calculated that, when 
using the 30 x 30 PDM system, the 
maximum error introduced into 
channel 1 will be +0.01607 of full- 
Scale value. (In hand reductions, and 
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in some machine reductions, channel 
1 is most affected when channels 27 
and 28 are used for reference.) Thus, 
if the references are transmitted 
and utilized, the low frequency 
speed errors are effectively alleviat- 
ed. 

It remains to consider the affect 
of speed error introduced as a re- 
sult of random or cyclic variations 
in the instantaneous tape speed 
across the record and _ reproduce 
heads. This error will result in a 
time error, or jitter, in each pulse 
duration that is linearly proportion- 
al to the tape speed error. 

For a particular signal of band- 
width W and subject to observation 
for a period T to be described as 
random, each of the following con- 
ditions must be met: 

a. 2TW>>!1 

b. Correlation must not exist be- 
tween any of the observed values 
of the amplitude of the signal. 

c. The observed values of the amp- 

litude of the signal must have a 

normal or gaussian distribution. 
Now, if the tape speed error has 
components that extend above W 
(for the 30 channel, 30 cps system, 
W = 15 cps in the limiting case); and 
even if these components are period- 
ic in nature, but are combined with 
random phase and amplitude; then, 
when sampled at intervals of 1/2TW, 
the observations will tend to have a 
normal distribution. 

It can be experimentally shown 
that observable correlation does not 
exist between any of the jitter error 
component amplitudes; and _ since 
2TW will be large for any normal 
operation, it may be reasonably con- 
cluded that the speed error effect 
on PDM data is random in nature, 
and hence can be treated statistical- 
ly. In the steady-state condition, let 
the true mean of the zero-corrected 
information pulse duration (t; - to) 
be expressed by M,, and let the true 
mean of the zero-corrected full- 
scale reference pulse duration 
(tr. - t.) be expressed by M,. Then, if 
M.>>S., (the observed standard de- 
viation of M,) and M,>>S, (the ob- 
served standard deviation of M,), 
the standard deviation S, of the ra- 
tio Mx/M, may be computed by the 
following: 


M.2 S, . 
4 





Since the flutter error is random, 
S.=S,=—S, and for simplification, 
assume that M,. = M, = 1. Then from 
the above equation 


o=V2S 


When two independent random 
functions are linearly super-imposed, 
the resultant is another random 
function whose mean square value 
will be equal to the sum of the two 


mean square values of the two func- 
tions that are superimposed, that is: 


o2 =0)"-+62- (3) 

Now the standard deviation S was 

obtained when the information pulse 
duration was zero corrected or 

S?=—S.:2+Siro? (4) 


However, for the case in point, 


S.:=Si.=Si, therefore 
S =v2S:, 
S. —2 S: 


Hence, the jitter error in reduced 
PDM telemetry data will be twice 
the magnitude of the instantane- 
ous tape speed error. 

The error introduced into PDM 
telemetry data by a machine equip- 
ped to record these data, may easily 
be determined by providing a rec- 
tangular signal directly to the re- 
corder and observing the output 
waveform during playback on a 
Tektronix type 535 or equivalent 
oscilloscope. By adjusting the oscil- 
loscope’s triggering level and delay- 
ing its sweep, it is possible to ob- 
serve the trailing edge of a pulse on 
a greatly-expanded time scale 
Through an adjustment of the ver- 
tical gain, it is possible with the 
oscilloscope to simulate very ac- 
curately the stop sensitivity* char- 
acteristic of the multivibrator used 
in the integrator in the data play- 
back equipment, so that, with a 
time-calibrated horizontal sweep, the 
random variation or jitter which 
would be present at the output of 
the integrator may be determined. 
Then, ignoring the high peaks which 
occur less than once in approximate- 
ly 5 seconds on the average, and re- 
cording the other as being the ob- 
served peak error, y (this value cor- 
responds very closely to the 3 o val- 
ue), it is then possible to calculate 
the probable error (making use of 
the relation P.E. = 0.675n) of the in- 
dividual pulse durations by the fol- 
lowing: 


L.P.E. = 0.23y (6) 


Then the probable error introduced 
into the reduced PDM data will be 
twice this value or 


PLE. — 0.46y (7) 


FM/FM SYSTEM DATA STORAGE 


In the FM/FM system, the RF 
carrier is modulated by a group of 
subcarriers which are, in turn, fre- 
quency modulated by the informa- 


tude of the voltage 
table multivibrator to 


off’’ condition. 
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tion. Since each of the subcarriers is 
deviated by a constant percentage, 
the information capacity of each 
channel is proportional to the partic- 
ular subcarrier frequency. Some of 
the subcarriers are optionally devi- 
ated more for increased frequency 
response. 

This composite signal is usually re- 
corded with little or no manipula- 
tion other than amplitude adjust- 
ment. Unlike the time division mul- 
tiplex systems, FM/FM data is af- 
fected by the static speed error and 
the low frequency speed error as 
well as the higher frequency speed 
errors. Now, if the characteristics of 
the subcarrier demodulation equip- 
ment are such that the output is es- 
sentially independent of input amp- 
litude under dynamic conditions, 
then the amplitude modulation that 
is a result of dynamic speed error 
will produce a negligible effect. Un- 
der normal circumstances, time mo- 
dulation error will be insignificant, 
having a magnitude of only 1-3 mi- 
croseconds for most instrumentation 
machines. However, the error in the 
reproduced frequency of a particular 
channel directly corresponds to the 
speed error when expressed as a per- 
centage. As the bandwidth of the 
channel is restricted, that is, nomin- 
ally 15 or 30% of center frequency, 
the speed error is magnified con- 
siderably. The introduced error E 
may be calculated by the following 
when the full scale bandwidth BW 
and the speed error ¢ is known: 


1 


When a deviation of 12% full scale 
is utilized, the enhancement factor 
is 8.3. Hence, for a speed error of 
0.1%, the error introduced will be 
0.83%. It should be noted the speed 
error ¢ may be expressed as prob- 
able error, rms or peak-to-peak 
equally well. More significant, how- 
ever, is the fact that the introduced 
error is a function of the information 
bandwidth of the particular channel. 
As the subcarrier center frequency is 
increased, the speed error will in- 
crease if a constant modulation in- 
dex is maintained; that is, if normal 
cutoff frequencies are employed in 
the discriminator output low-pass fil- 
ters. Thus, for information band- 
widths (assuming that the channel 
bandwidth is fully utilized) of 
less than 600 cps (IRIG channel 16), 
the NARTB specification is pessi- 
mistic for telemetry systems pur- 
poses. Conversely, for the larger in- 
formation bandwidths, the specifica- 
tion is overly optimistic. It is evi- 
dent then, that it is necessary to de- 
fine the tape speed error spectrum 
and to specify the information band- 
width to be able to predict the mag- 
nitude of the speed error e. In the 
usual application, the higher sub- 
carriers are reserved for commuta- 
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tion purposes or for some high-fre- 
quency phenomena, for example, vi- 
bration, that does not have a string- 
ent accuracy requirement. Consider 
the latter case: if the data is tele- 
metered with an error magnitude of 
10%, then the record-reproduce 
process can introduce an error of 4% 
without increasing the overall system 
error 1%. This corresponds to the tol- 
erance of a speed error of about 0.5%. 
PDM FM/FM is often employed to 
produce additional low frequency re- 
sponse channels. It should be noted 
that, when this is done, the consider- 
ations of the PDM system discussed 
earlier apply; that is desensitization 
of the system to static and low speed 
errors, and a high frequency speed 
error magnification of 2 instead of 
8. However, the bandwidth is more 
restricted, thus increasing pulse rise 
times, and hence increasing the sus- 
ceptibility of the system to the high 
frequency effects. Offsetting this 
somewhat is the restricted speed er- 
ror spectrum; however, as the ma- 
jority of the energy lies below 10 kc, 
this is a second-order effect. 

When PAM/FM/FM is _sutilized, 
the considerations are somewhat sim- 
ilar. When zero and full-scale refer- 
ences are used, the static and low- 
frequency speed errors are negli- 
gible. If the decommutator charac- 
teristic is such that a true integra- 
tion of each data sample pulse is per- 
formed, then the high frequency ef- 
fects are attenuated significantly. 
Thus, only those speed-error com- 
ponents which are in frequency band 
of the sampling rate will materially 
effect the telemetered data. 

For FM/FM telemetry system da- 
ta storage purposes, the static and 
low-frequency speed error is easily 
determined. A frequency from a 
stable source is selected, for exam- 
ple, 10 ke. (It should be sufficiently 
low to minimize faulty indication as 
a result of dropouts, yet high enough 
to permit reasonable accuracy.) This 
tone is recorded and played back, 
utilizing an EPUT meter to deter- 
mine the frequency of the repro- 
duced signal. The counting period 
should be one second or longer, and 
observations should be taken 
throughout the reel of tape. It is 
advisable to repeat this test using 
several different reels of new tape. 
The maximum difference between 
the observed frequency and the re- 
corded source frequency, can then 
be determined and expressed in per- 
cent. This number will closely cor- 
respond to the combined peak static 
and low frequency speed error. 

It is more difficult to derive a 
meaningful, generally-applicable test 
for errors that are the result of ran- 
dom or cyclic variations in the in- 
stantaneous tape speed. For particu- 
lar systems, however, tests may be 
set up whereby it is possible to eval- 
uate and determine the error magni- 
tude. First select the non-commutat- 





ed subcarrier requiring the highest 
frequency response. An Oscilloscope 
may be used as the indicating de. 
vice and is connected to the dis. 
criminator output low-pass filter 
The oscilloscope should be statically 
calibrated to relatively-high sensi- 
tivity, for example, 1% of band- 
width per inch. From the stable sub- 
carrier oscillator source the signal js 
recorded and then reproduced after 
rewinding. The output is observed on 
the oscilloscope, disregarding those 
spikes which occur less than once 
per 5 seconds on the average, and 
the peak value determined. The ae. 
curacy with which a probable error 
value may be calculated from the 
peak value largely depends on the 
speed error spectrum. If the speed 
error is essentially random, i¢. 
without significant discrete frequen. 
cy errors, the probable error wil] be: 
P.E. = 0.23 times the observed peak 
error. The peak error thus deter- 
mined will be the maximum error 
that will be experienced in the re- 
cord-reproduce process. The same 
procedure may be repeated, regard- 
less of channel, for each information 
bandwidth utilized by adjusting the 
output low-pass filter frequency. 


SPEED ERROR COMPENSATION 


Several equipments are currently 
being offered that represent differ- 
ent means of effecting compensation 
for the errors introduced by tape 
speed changes. All these systems op- 
erate by deriving an error signal 
from a specially-recorded tone. In 
the simplest system, this signal is de- 
modulated and displayed, using a 
greatly expanded scale, simultane- 
ously with telemetry data. Then, as 
long as the special signal stays with- 
in pre-selected bounds, the data is 
assumed to be unaffected by the tape 
speed errors. On the other hand, 
some rather sophisticated systems 
have been developed that offer an 
improvement of some 60 db. Howev- 
er, these systems are all associated 
with data reduction equipment and, 
as such, are not within the scope 
of this discussion. 
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by Dr. Alexis B. Dember 


Assistant Head, Test Department 


Optical Instrumentation 
Obsolescence or Revival? 


U.S. Naval Ordnance Test Station, China Lake, California 


Today’s range instrumentation for 
testing guided missiles and research 
aircraft is the result of many years 
of effort by optical, mechanical, and 
electronic engineers. Rapid advances 
of weapon development can be 
achieved only if test instrumenta- 
tion keeps pace with program re- 
quirements. The expected test needs 
for long-range missiles, aircraft 
weapon systems, research aircraft, 
satellites, and space vehicles are tax- 
ing the ingenuity of instrument de- 
signers to the limit, and demand 
economical use of engineering tal- 
ent. Areas of optimum performance 
of optical and electronic methods 
are reasonably well understood to- 
day, thus making possible a logical 
approach to future developments. 
Challenging work lies ahead for the 
optical as well as the electronic en- 
gineer, and joint effort will often be 
not only desirable but necessary to 
reach a solution. 


INTRODUCTION 


A DOUBLE-BARRELLED QUES- 
TION of great interest to instru- 
mentation engineers, particularly 
optical and photographic engineers, 
is “What will be the role of optical 
instrumentation in guided-missile 
testing? Will electronic methods 
take over?” 

Contrary to widespread opinion 
voiced several years ago, the use of 
optical instrumentation has not di- 
minished at the missile test ranges. 
What has ensued, as a result of the 
large strides that electronic range in- 
strumentation has taken, is a clearer 
delineation of the best use of each 
of the two methods. 

The following test-data require- 
ments are expected to present the 
most serious instrumentation prob- 
lems: 

—trajectory and attitude of 

ICBMs 

—Te-entry behavior and impact 

location of ICBMs 

—trajectory and attitude of anti- 

missile missiles, especially in 
terminal maneuvers 
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-miss distance of anti-missile mis- 
siles 

trajectory, miss distance, and 
attitude of air-to-air and 
ground-to-air missiles at ex- 
treme altitudes 

underwater trajectory and at- 
titude of submarine-launched 
missiles 

orbits of “silent” satellites and 
space vehicles 

telemetry from lunar probes 
video transmission from satel- 
lites and lunar probes 
monitoring of landings of space 
vehicles 

communication with manned 
satellites and space vehicles 


LONG-RANGE MISSILE TESTING 


Of immediate concern to missile 
designers and test range operators 
are the instrumentaticn problems as- 
sociated with the flight testing of 
ballistic missiles, anti-missile mis- 
siles, or other long-range high-alti- 


tude missiles. Although test range 
instrumentation has come a long 
way since World War II, today’s test 
requirements are straining the cap- 
abilities of present instruments. The 
yield of information from a missile 
test often remains incomplete, or the 
missile is literally lost, because of 
limitations or failure of equipment. 


Electronic Methods 


A great amount of work is now 
going into the development of im- 
proved and new methods of measur- 
ing trajectory and attitude. For the 
long-range over-water tests. of 
IRBMs and ICBMs, electronic tra- 
jectory-measuring methods have be- 
come imperative, and the develop- 
ment effort of the last few years 
appears to be paying off. Long- 
range, high-precision instrumenta- 
tion radars, the first of their kind 
designed for test use, are making 
their debut on the ranges, and so 
are the phase-comparison omnidi- 
rectional systems. 





in Dresden, Germany. In 1935, he re- 
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Figure 1. Typical range instrumentation for trajectory, attitude, 
and event information for ballistic missile tests. Not shown are 
fixed cameras near the launching area, and telemetering links. 


The AN/FPS-16 instrumentation 
radar, developed by RCA as a joint 
effort of the military services, shows 
excellent tracking and data readout 
capabilities. Standard deviations of 
only 0.1 mil in digital azimuth and 
elevation data, and less than 5 feet 
in range, have been reported. Pro- 
totypes of electronic phase-compari- 
son systems have proved their basic 
ability for very high angular resolu- 
tion, but will require further system 
tests and studies of wave propaga- 
tion before warranting the unquali- 
fied use of such systems for precise 
trajectory measurements. 


Optical Methods 


However successful the electronic 
methods may become, photographic 
records will continue to be needed 
for observation and measurement of 
the initial and terminal stages of 
flight, and new developments will 
be required because the initial and 
terminal portions of missile flights 
are continually growing in length 
and altitude. The dual aspect of re- 
quired instrumentation is shown in 
Figure l1—a typical deployment of 
the primary electronic and optical 
instrument systems for ballistic mis- 
sile tests. 

This trend in the evolution of opti- 
cal instruments is best illustrated 
by a review of current develop- 
ments, proceeding historically from 
cinetheodolites to more recent in- 
struments. 

Cinetheodolites. Despite more than 
12 years in harness, these work 
horses of the test ranges are by no 
means about to be turned out to 
pasture. Their indispensability is 
mirrored in the brisk world-wide 
market for cinetheodolites now being 
manufactured by Western Germany 
and Switzerland, and by the large 
number of cinetheodolite modifica- 
tion projects presently underwritten 
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by the test agencies. These modifi- 
cations are directed toward increas- 
ing their range, sampling rate, ac- 
curacy. and tracking ability, and to- 
ward adapting them to semi-auto- 
matic or automatic data readout. The 
accuracy of present cinetheodolite 
systems is estimated to be 20 to 40 
seconds of arc (0.1 to 0.2 mil). 
Tracking Telescopes. In the early 
days of missile testing, cinetheodo- 
lites were relied upon to give infor- 
mation on missile attitude, in-flight 
events such as combustion, booster 
separation, and target intercept, as 
well as trajectory data. The need for 
lenses of longer focal length (that is, 
longer than the common 24 inches 
or the occasional 40 inches) and the 
urgent need for higher frame rates 
(above 4 or 5 frames per second) 
soon led to the development of a 
number of tracking cameras, which 
utilized commercial motion-picture 
cameras having regular or high- 
speed movements, and employed an 
amateur-telescope type of lens sys- 
tem and a World War II surplus 
gun mount. Pioneers in this field 
were the Ballistic Research Labora- 
tories, Aberdeen, which developed a 
series of reflector-type tracking tele- 
scopes ranging in focal length from 
240 to 1,000 inches for the White 
Sands Missile Range; and the Na- 
val Ordnance Test Station, China 
Lake, which developed a refractor- 
type, medium-focal-length (24 to 96 
inches) dual tracking camera of high 
versatility and mobility, known as 
the “Gooney Bird” (see Figure 2). 
Attempts to improve image qual- 
ity and photographic range of these 
instruments failed because of image 
deterioration stemming from 1. large 
tracking errors, even by trained op- 
erators, 2. vibration, caused by the 
bearings and drive of the tracking 
mount, or by the camera movement, 
and 3. turbulence of the atmosphere. 
The last factor, inherent in all opti- 


Figure 2. The development trend of 
optical range instrumentation is il- 
lustrated by the comparative view of 
the well-proved ‘“‘Gooney Bird” (upper 
photo) dual tracking camera of NOTS 
(Official U.S. Navy Photograph) and 
(lower photo) the Air Force’s new re- 
cording optical tracking instrument 
(ROTI Mk II). (Courtesy Perkin-Elmer 
Corporation) 


cal methods, can be remedied par- 
tially by locating the instruments at 
selected elevated positions. 

Precision Tracking Cameras. The 
need to reduce the first two factors 
led to the design of precision track- 
ing cameras. The first units of this 
family of instruments have been de- 
signed and manufactured by the 
Perkin-Elmer Corporation, and are 
now being put into use at both 
the Eglin Gulf Test Range and the 
Atlantic Missile Range. 

These units are of two types: the 
tracking photographic recorder 
(TPR), a mobile instrument; and the 
recording optical tracking instru- 
ment (ROTI), designed for fixed in- 
stallation. Both instruments carry 4 
24-inch-aperture telescope with ef- 
fective focal lengths of 100 to 300 
inches for the TPR, and of 100 to 500 
inches for the ROTI, Mk II, shown 
in Figure 2. ; 

Although these instruments uti 
lize the azimuth bearings of the 
Army’s 90-mm antiaircraft gun and 
the Navy’s Mk 30 5-inch gun, selec- 
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n and adjustment of these mounts 

apparently has resulted in bearing 
accuracies, and smoothness, of pre- 
cision-instrument quality (about 5 
seconds). Eglin’s TPR, operating at 
100-inch focal length, yielded the 
first resolved images of Sputnik 
I's rocket shell. We can thus con- 
clude that bearing and drive vibra- 
tion problems are conquerable, at 
Jeast to a significant degree. 

Great interest is now focused on 
the development of tracking camer- 
as that are being designed as pre- 
cision instruments from the ground 
up. The first of these to be in opera- 
tion is the small missile telecamera 
(SMT), developed by the Ballistic 
Research Laboratories for use at 
White Sands. The SMT was origin- 
ally designed for photographing 
small high-velocity missiles at great 
distances, but it should be just as 
suitable for recording the flight of 
large missiles at proportionally 
greater distances. Its most important 
features are a corrected Cassegrain 
optical system of 100-inch focal 
length and 30-inch aperture, a 70- 
mm full-frame camera, and a cup- 


tio 


ability for static angular stabil- 
ity of 5 seconds of arc, which 
promises azimuth and_ elevation 


measurements more accurate than 


obtainable with cinetheodolites. 

An equally ambitious project, un- 
dertaken by the Naval Ordnance 
Test Station, is the development of 
the tracking instrument mount 
(TIM). This instrument is being de- 
signed with the combined goals of 
high dynamic angular accuracy, 
freedom from vibration, precise 
tracking at slow and fast speeds, in- 
terchangeability of optical systems 
and cameras, and coded readout of 
azimuth and elevation angles. The 
complexity of the design studies for 
such a mount is indicated in the 
sources of errors given in Figure 3. 
The accuracy of trajectory informa- 
tion from a system of precision 
tracking instruments is expected to 
be 10 to 20 seconds of are (0.05 to 
0.1 mil). 

Possible Refinements in Tracking 
Cameras. We should note that all 
these instruments, old and new, uti- 
lize photographic film for recording 
an image of the target. They also 
utilize either the same film or a 
separate one to record angular posi- 
tions from scales or synchros, if 
these angles are recorded at all. On- 
ly experimental attempts have been 
made to automatically encode such 
data on magnetic tape. However, 
digital shaft-angle encoders, having 
0.1 mil digital readout, are becom- 
ing available and are delivered as 
standard equipment with the new 
instrumentation radars. 

The automatic recording of the 
tracking error (deviation of image 
from optic axis) has been repeated- 
ly suggested. Although photoelec- 
tric grids, TV scanners, and reticle 
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Figure 3. Mechanical sources of error 
in tracking mount for optical instru- 
ments. (After J. A. Clemente) 
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scanners have been proposed and 
experimented with, none of these 
schemes has progressed beyond the 
laboratory stage. It appears that 
further effort in these fields should 
be preceded by a thorough theoreti- 
cal and experimental study of ex- 
pected signal characteristics (that 
is, target and background spectra, 
and their changes with respect to 
motor functioning, missile aspect, 
sun illumination, etc.) 

The characteristics of expected 
military aircraft targets have been 
extensively studied in order to furn- 
ish information to the designers of 
optical homing systems for missiles, 
but only fragmentary information 
is available on the radiation char- 
acteristics of the missiles themselves. 
Such information will have to be 
obtained and analyzed before syste- 
matic progress in the area of auto- 
matic-trackinzg error detection can 
be made. As an example, consider 
the problem of contrast crossover 
observed on photographic records: 
can this be solved by systems hav- 


ing sensitivity in more than one 
wave-length band? 
Success in this field would allow 


the use of the tracking-error signal 
for feedback into the tracking sys- 
tem, reducing the tracking error and 


the need for continuous operator’s 
attention except for target selection 
and monitoring. Such an automatic 
tracking system could be used not 
only to provide directional data, but 
also to provide a smoothly-tracking 
camera mount for event photo- 
graphy. 

Ballistic Cameras. A review of in- 
strumentation projects of the test 
ranges shows that the need for preci- 
sion trajectory measurements and 
calibration of other optical or elec- 
tronic systems has resulted in the 
limited comeback of the “ballistic 
camera”. In the strictest sense, a bal- 
listic camera has a fixed orientation 
during a test and gives a continu- 
ous exposure, or multiple exposures, 
of the moving object on a _ photo- 
graphic plate. The camera achieves 
its highest degree of accuracy, name- 
ly 3 to 5 seconds of arc, during night 
tests of luminous or flashing ob- 
jects, because of the availability of 
star-field calibrations for eliminat- 
ing errors in camera orientation and 
lens distortion. During daytime use, 
the absolute orientation accuracy of 
the ballistic camera deteriorates be- 
cause reference has to be made to 
preceding or subsequent night cali- 
bration, or to ground reference 
to be placed 
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on the accuracy and stability of ex- 
ternal orienting devices. At present, 
such cameras are used routinely for 
establishing bombing-table data at 
the Ballistic Test Facility, Edwards 
Air Force Base; they are also used at 
the Salton Sea Test Base and the Air 
Proving Ground Center, Eglin Air 
Force Base. These stations use 14- 
by 17-inch plate cameras developed 
several years ago by the Fairchild 
Camera and Instrument Corpora- 
tion (Figure 4a). They are the first 
production models of ballistic cam- 
eras having a traveling internal sky- 
screen and shutter. 

A new look in the design of pre- 
cision cameras was introduced by 
the Wild BC-4 ballistic camera, 
(Figure 4b), developed to specifica- 
tions of the Ballistic Research Lab- 
oratories by Wild-Heerbrugg, Switz- 
erland. The instrument is an adapta- 
tion of the Wild RC-5a photogram- 





a ae 


Figure 4a. Fairchild Ballistic Camera 
used for measurement of aircraft and 
missile trajectories at the Ballistic 
Test Facility, Edwards Air Force Base. 
The insulating covers protect the cam- 
era and mount from solar radiation, 
and reduce orientation errors. (Photo 
by ARDC) 


Figure 4b. The Wild BC-4 Ballistic 
Camera. (Photo by BRL) 
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metric 742- by 8%-inch plate cam- 
era to the Wild T-4 universal theo- 
dolite. This design has circumvent- 
ed the bulk and weight of the older 
ballistic cameras, and is character- 
ized by highest-precision workman- 
ship, precision glass circles, and low- 
distortion optics. The BC-4 camera, 
which takes the place of the tele- 
scope, can be oriented with the aid 
of the theodolite circles which read 
directly to fractions of a second of 
arc. This capability is important in 
daylight applications where prior or 
subsequent star calibrations are not 
feasible, and where ground refer- 
ences cannot be included in the field 
of view. The camera modifications 
include a rotating between-the-lens 
shutter and an internal tracking cur- 
tain, or sky-screen, to exclude back- 
ground illumination from areas not 
containing the missile. 

The primary deterrent to the more 
widespread and frequent use of bal- 
listic cameras is their limitation in 
range for recording nonluminous ob- 
jects. The development of suitable 
optical beacons is therefore desired 
for recording the flight path be- 
yond motor cutoff. Some methods 
are available, but are limited in their 
capability or suitability. Pyrotechnic 
flares are being used successfully 
with small missiles despite their 
limited intensity and burning time. 
On larger missiles, where space is 
available, pyrotechnic flash cart- 
ridges of light weight (2 oz) can be 
carried and ejected at preset times. 
This method is effective, but it in- 
troduces unpredictable errors be- 
cause of the uncertainty of ignition 
delay times and of the direction and 
distance of ejection. Most accurate is 
the use of strobe lights as optical 
beacons. High - intensity, precisely- 





timed flashes can be obtained which 
define the exact position of the mis. 
sile and allow synchronization Via 
radio link with the shutters of 
ground-based ballistic or tracking 
cameras. Since present electronic 
flash systems suffer from the heayj. } 
ness of their power supplies, devel. 
opment of light-weight, high-intep. 
sity optical beacons should be yp. 
dertaken. 





TESTING OF AIRCRAFT 
WEAPON SYSTEMS 


Instrumentation engineers have 
been confronted with some very ge. 
vere measurement problems in tests 
of modern high-performance air. 
craft weapon systems. The prob. 
lems have become acute because of 
the high altitudes and speeds of air. 
craft, the small radar cross-see. 
tions of jet planes and jet drones 
and the small size of modern air-tp. 
air missiles which makes it difficult 
to visually acquire and track them, 
and which frequently precludes the 
installation of radar tracking bea- 
cons on the missile. There is good 
support for the prediction that, with 
air-to-air missiles, we will see an 
increasing differentiation between 
the instrumentation used for re- 
search and development missiles and 
that used for advanced development 
and evaluation missiles. 


Advanced Development Testing 


These listed problems and _ the 
space requirements for tactical ma- 
neuvers of firing aircraft, target air- 
craft, or missiles, have necessitated, 
at almost all test ranges, the con- 
centration of effort on basically new 
approaches for testing aircraft wea- 
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n systems in the advanced stages 
of development. By virtue of basic 
characteristics of electronic measur- 
ing methods, advances in the state 
of the art, and tolerances of test 
data requirements, we can very soon 
expect an all-electronic instrumenta- 
tion system for such tests. This con- 
cept is illustrated by Figure 5. Pre- 
cision radars will measure aircraft 
trajectories, and — with the aid of 
data-transmission links, a computer, 
and pilot’s display units — will help 
to vector firing-aircraft, target-air- 
craft, and other test-aircraft into po- 
sition. If the missile is capable of 
carrying a beacon, its trajectory 
may be obtainable from the radar 
with adequate reliability. 

Most likely, though, will be the 
application of an omnidirectional 
electronic trajectory measuring sys- 
tem utilizing the telemetering trans- 
mitter as a radiation source. This 
system can measure the inclination 
of the wavefronts of the radiation by 
means of multiple antenna arrays 
and phase-comparison techniques, as 
shown schematically in the illustra- 
tion. Lateral and longitudinal accel- 
erations, roll, and internal missile 
functions will be telemetered to the 
ground, as they are now. Missile- 
borne attitude measurements would 
be desirable, but are not yet practi- 
cable except for large missiles that 
can accommodate a three-axis gyro. 

The final and crucial measure- 
ment in any firing at an aerial target 
is the determination of miss distance. 
Varied efforts are under way to re- 
place drone-borne camera pods and 
ground-based telescopes with elec- 
tronic instruments capable of rapid 
data-output and of multiple-round 
coverage. Several systems are in the 
evaluation stages. Radial miss-dis- 
tance indication should be available 
soon, with vectorial miss-distance 
measurement to follow. 


Research and Development Testing 


How will the instrumentation de- 
scribed for advanced development 
testing differ from future instru- 
mentation for research and develop- 
ment flights, and what will be the 
status of optical methods? 


Present Status. To answer this, 
let us first take a look at present- 
day instrumentation for tests of this 
kind. These tests are to greatest ad- 
vantage conducted over land. Fig- 
ure 6 presents schematically the in- 
struments at present being applied 
on the land ranges. Simultaneous 
use of all shown instruments is not 
uncommon, except for routine use 
of the airborne tracking camera and 
photogrammetric camera in the pho- 
to plane, which have been used only 
experimentally so far. It is obvious 
that photographic instrumentation is 
predominant as the means of obtain- 
ing trajectory, attitude, event, and 
miss-distance information. But, we 
should realize that an attempted test 
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Figure 6. Present-day range instrumentation for research 
and development tests of air-to-air missiles over land ranges. 


would result in chaos without the 
aid of radar for positioning the fir- 
ing and target planes, and for pro- 
viding acquisition information to the 
operators of optical instruments; 
and that, without an electronic tim- 
ing system, photographic records 
from the various camera stations 
could not be correlated. 

Of particular importance is the 
precise measurement of missile at- 
titude and position at intercept to 
yield information on the effective 
fuze-radiation pattern and on the 
actual or potential fragmentation 
pattern of the warhead. Since these 
measurements should be _ precise 
with reference to the target, relative 
methods have an advantage over in- 
dividual absolute determinations of 
position and attitude of the missile 
and target followed by computation 
of the differences. 

It is on this principle of relative 
measurements that all precise opti- 
cal and electronic miss-distance 
measuring systems are based. Well 
proved out is the optical triangula- 
tion method using drone-borne 
wide-angle cameras, as shown in 
Figure 6. But the uncertainties of 
remote triggering as well as recov- 
ery of the film magazines, together 
with the need to land the drone af- 
ter each single event, or a small 
number of intercepts, are necessi- 
tating the application and develop- 
ment of alternate methods. White 
Sands pioneered the design and use 
of specially-designed tracking tele- 
scopes, characterized by large aper- 
tures, high frame-rates, and short 
exposure-times; these track the 
drone aircraft and record it together 
with the intercepting missile in a 
large number of frames with only 
small blurring (Figure 7). 


For the research and development 
testing of ground-to-air missiles, al- 
most full use is being made of the 
instrument systems described for 
air-to-air firings. The only signifi- 
cant differences are in the launch 
phase and the early part of the tra- 
jectory, where more elaborate and 
precise ground-based instruments re- 
place airborne equipment in the fir- 
ing and photo planes. 

Future Trends. Changes in the 
land-range instrument systems just 
discussed and illustrated by Figure 
6 will certainly come in the future. 
Most basic will be a change in 
the method of mid-flight trajectory 
measurement. The future refinement 
of omnidirectional electronic trajec- 
tory systems can be expected to lead 
toward the replacement of the cine- 
theodolite system for this purpose. 
The large expenditure of effort in 
the development of electronic sys- 
tems is well-warranted because of 
their following features: almost 
complete independence from atmos- 
pheric conditions; very long range, 
as proved by the satellite tracking 
capability of MINITRACK; automat- 
ic acquisition of the target because of 
omnidirectional sensitivity; small 
manpower requirement, possibly to 
the extent of remote station opera- 
tion; electrical data output suitable 
for magnetic recording and subse- 
quent automatic processing, or for 
real-time computations for test con- 
trol, acquisition information for opti- 
cal instruments, and range safety. 
Expected problems and disadvan- 
tages of the electronic systems are 
the uncertainties of wave propaga- 
tion, susceptibility to interference 
and noise, the requirement for a 
transmitter and antenna on the mis- 
sile, and high installation cost of 
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Figure 7. 

















Launching and encounter of ground-to-air missile re- 


corded with Intercept Ground Optical Recorder (IGOR) at White 


Sands Missile Range. (Photo by 


ground antenna systems and data 
links. 

A complete changeover from 
photographic to electronic miss-dis- 
tance indicators is not foreseeable 
because of the frequent need for 
precise missile-attitude information 
at intercept. Development of versa- 


tile and reliable systems — photo- 
graphic as well as electronic — is 
desirable. 


Great demands will be placed in 
the future on the data acquisition 
capability of photo planes and of the 
missile firing aircraft itself, because 
operating altitudes above ground- 
based instruments are increasing. As 
mentioned earlier, tracking cameras 
(Figure 8) and photogrammetric 
cameras for photo planes are in the 
experimental field-test stage, but 
further effort and new concepts well 
may be fruitfully applied. 


Continuation of the development 
of tracking telescopes for attitude, 
intercept, and event information is 
expected, although we can look for 
a temporary leveling off in the trend 
toward longer focal lengths until the 
capabilities of the new generation of 
telescopes — recently completed or 
still under construction — have been 
determined, and the approach to im- 
proved performance delineated. In 
addition, experimentation with these 
instruments should yield an evalua- 
tion of digital shaft-angle encoders 
and automatic photoelectric track- 
ing-error detectors. The result of this 
evaluation will determine if the pro- 
posals for automated _ theodolites, 
which dispense with photographic 
images, can be realized. White Sands’ 
concept of such an instrument, which 
is representative of ideas originated 
at the various ranges, is illustrated 
by Figure 9. 
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White Sands Missile Range) 


AIRCRAFT TESTING 


Instrumentation discussed so 
is not restricted to guided missile 
use, but is becoming more and more 
applicable to the testing of manned 
aircraft. With the altitude and speed 


far 


of aircraft approaching that of guid- ° 


ed missiles, it is not surprising that 
aircraft test centers have adopted 
techniques originally developed for 
guided missiles. The ground-based 
instrument networks at the Air Force 
Flight Test Center, Edwards, and on 
NASA’s High Range between Wend- 
over and Edwards for testing of the 
X-15 research airplane, are examples 
of this trend. To provide close-up 
pictorial coverage of high-altitude 
spin-recovery tests of McDonnell’s 
F3H-2M airplane, the plane was 
flown over the NOTS guided missile 
ranges to be within reach of ground- 
based tracking telescopes. The ap- 
plication of external instrumenta- 
tion to aircraft testing does not 
eliminate the need for telemetering 
links or on-board recording. The 
need for both kinds of information 
was demonstrated in the analysis of 
the recent tragic crash of the X-2 
research plane. Increased applica- 
tion of such electronic and optical 
instruments as instrumentation ra- 
dars, phase-comparison trajectory 
systems, cinetheodolites, and track- 
ing telescopes can be expected. 


SATELLITE STUDIES 


Observations From the Earth 

One year’s experience of satellite 
observations has proved very vivid- 
ly the excellent teamwork attain- 
able with the use of both optical 
and electronic measuring methods, 
and has indicated their eventual role. 
The tracking capabilities of NRL’s 
MINITRACK, of JPL’s MICRO- 








LOCK, of RCA’s AN/FPS-16 
mentation radar, and of the Baker 
Nunn satellite cameras have tro. 
scended original expectations. The 
results predict the go-ahead for the 
further development of such hasta: 
ments and for the manufacture of 
equipment for additional trackin 
stations, which will undoubtedly be 
established. Further important con- 
tributions of earth-bound optical in- 
strumentation to programs for Sate]. 
lites, orbital space vehicles. and 
space stations are likely if the art of 
optical and photographic instrumen- 
tation keeps advancing as it has in 
recent years. 

A unique challenge to the optical 
engineer is the need for a surveil. 
lance camera to locate satellites that 
have become silent, or to detect black 
cr camouflaged satellites, manned or 
unmanned, which may have been 
launched unannounced by other na. 
tions. It may be impossible to match 
the sensitivity of the human eye 
equipped with a telescope, as shown 
so effectively by Moonwatch sight- 
ings, yet the human observer is not 
reliable if fatigued by the hour-long 
searches that would be necessary. 
The Baker-Nunn satellite camera 
possesses the required sensitivity. 
as was demonstrated by its ability 
to obtain pictures of all American 
satellites, except the 6-inch Van- 
guard, but it requires precise ad- 
vance information on the satellite 
path. The basic development of a 
sensitive satellite-surveillance cam- 
era remains, therefore, to be done. 


instry. 


Reconnaissance From Satellites 


Instead of looking farther and 
farther up, the time is not far off 
when the optical and electronic en- 
gineer will be called upon to provide 
special cameras for looking down 
on the earth from orbiting vehicles. 
These might be wide-angle cameras 
for worldwide mapping of the for- 
mation and motion of storms for pre- 
cise long-range weather forecasts. Or 
they might be long-focal-length high- 
resolution reconnaissance cameras 
for detecting and observing military 
targets, new construction, and con- 
centration of enemy troops and 
equipment. The major problem with 
such cameras will not likely be one 
of optical performance or mechanical 
construction, but rather of image re- 
cording and transmission. Current 
ideas and efforts are directed toward 
the development of television-type 
scanning systems, which either will 
transmit continuously to a world- 
wide station network, or will contain 
a storage and re-transmission system 
that would be triggered by a com- 
paratively small number of receiv- 
ing stations. 

Photographic engineers may ask 
the question, “Why not utilize the 
high resolution and storage capa- 
city of photographic emulsions?” A 
valid answer has to await the results 
of current space-radiation studies 
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hoped, will give infor- 
hielding requirements 
osensitive materials. Assum- 
ing the feasibility of photography in 
space, we can be assured that cam- 
eras will go in all manned vehicles 
for terrestrial reconnaissance, for 
junar, solar, planetary, and astro- 
physical photography; and for re- 
cording the behavior of the crews 
for studies in space medicine. 

We might also speculate on the 
use of photographic recording 
aboard unmanned satellites or space 
vehicles. The production of light- 
weight automatic processing equip- 
ment should not present a serious 
problem, and would enable us to ob- 
tain a high-quality picture for trans- 
mission to the earth at slow speed 
and with high resolution. In words 
of the electronic engineer, we would 
put a burst of wide-band informa- 
tion into storage, from which would 
come an output of slow, narrow-band 
low-noise information. Such a 
scheme should have particular merits 
when detail is important, as in ter- 
restrial and lunar reconnaissance. 


UNDERWATER TESTING 


Before ending our discussion with 
such speculative thought, let us re- 
turn to earth and go below its visi- 
ble surface into the depths of the 
ocean, which is likely in the near 
future to be of greater military im- 
portance than outer space. This is 
the realm of the first guided missile 
— the torpedo. Test techniques evol- 
ved for its development and evalua- 
tion are being continually refined. 
These methods have become of sud- 
den interest to the guided-missile 
engineer working on submarine- 
launched missiles. Photographic 
techniques developed for studying 
torpedo launchings, water entry of 
air-dropped torpedoes, propulsion 
systems, cavitation, and noise gen- 
eration, are being adapted to the 
measurement and observation of the 
underwater phase of missile flights. 

Much the same way that optical 
methods are limited by atmospheric 
haze and turbulence, underwater vi- 
sibility is limited because of the ab- 
sorption and scattering of light by 
Suspended organic and _ inorganic 
matter. Since radio waves are ab- 
sorbed by sea water, acoustic meth- 
ods must be employed to measure 
underwate: trajectory beyond the 
limited reach of cameras (25 to 100 
ft for targets without light beacons). 
Fortunately, considerable experience 
in equipment design, as well as the 
results of comprehensive studies of 
the acoustic characteristics of the 
ocean, are available to the instru- 
mentation engineer. In view of the 
increased interest in underwater 
testing, a concentrated effort toward 
the development of improved pho- 
tographic and acoustic methods can 
be expected. Illumination techniques 
for high-speed underwater photog- 
raphy are urgently needed together 
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Figure 8. NOTS aerial tracking camera installed 

















in F3D aircraft. (Official U.S. Navy Photograph) 


with optical methods for precisely 
measuring missile attitude and initial 
trajectory. A challenge to the acous- 
tic engineer should be the develop- 
ment of methods for telemetering 
data from missiles moving under- 
water and generating noise. Intern- 
al storage of measurements dur- 
ing the underwater phase, with 
transmission after emergence, is be- 
ing considered, but needs develop- 
ment and proof of reliability. 


CONCLUSION 


We can conclude that optical and 
electronic instrumentation both will 
play vital roles in performing future 
new and difficult tasks, and many 
instrument systems will combine 
both techniques. Electronic instru- 
mentation likely will become pre- 
dominant where the position of a ra- 
diation source (active or reflecting) 
is to be determined, and where we 
are concerned with the transmission 
of information from transducers or 
from storage. 

Optical instrumentation will be 
the most useful whenever high pic- 
torial resolution is required; in other 
words, when easily-measurable 
quantities do not describe the ob- 
served phenomenon, or when the on- 
ly emitted frequencies are in the 
optical region. Optical techniques al- 
so will be needed for accurate cali- 
brations of electronic trajectory 
measuring devices. Until automatic 
interpretation and correlation tech- 
niques are developed to digest large 


individual 


quantities of recorded 
measurements, the widespread use 
of image-forming photography will 
continue. That it is expected to, is il- 
lustrated by the recent development 
of specialized cameras for guided- 
missile testing; for example, preci- 
sion theodolites, long-focal-length 
iracking telescopes, precision ballis- 
tic camera systems, airborne mis- 
sile-tracking cameras, and satellite 
cameras. Further development along 
these lines is foreseen for satisfying 
— jointly with electronic methods 
— the many future requirements of 
the laboratory, range testing, and 
space flight. A revival of optical 
techniques, not obsolescence, can 
safely be predicted. 
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GROUND EQUIPMENT 
SUBCARRIER DISCRIMINATOR 


The Model GFD-2 Subcarrier 
Discriminator is a new design 
of the pulse-averaging type 
and incorporates the latest cir- 
cuit techniques and components. 
Its performance is the best in 
input limiter, reduced sensitivity 





Automatic 
to changes in supply voltage and drift, chopper-stabilized output 
filters, modular channel tuning units and lowpass output filters, 
integral completely automatic tape speed compensation circuits, 
printed circuits, human-engineered controls. 


its field. Features: 


SWITCHABLE TUNING UNIT 
” L The Model GST-2 Switchable 
| ay 4 Tuning Unit is for use with a 
yee [ standard GFD-2 discriminator. 
** es 


eee e : Modular switchable tuning units 
: of 8, 16 or 24 channels. Com- 
bines DCS high quality individual IRIG channel performance 
with maximum flexibility and compactness. 
GROUND VOLTAGE CONTROLLED 
OSCILLATOR ASSEMBLY 
The Model GMC-1 mounting 


unit and its associated modules 
includes frequency modulated 
oscillators, summing amplifier, 
reference oscillator, frequency- 
determining plug-ins, and a 
common power supply, which 
together form a complete FM tape recording system. Features: 
modular construction affords maximum fiexibility, modules avail- 
able for all IRIG data, integral reference frequency oscillator with 
dual-frequency selection. 





TAPE SPEED COMPENSATION 


The Model GTC-2 Tape Speed 
Compensation Delay Units and 
its associated delay lines are 
used with DCS data discrimin- 
ators to achieve automatic tape 
speed compensation of complete 
FM/FM data systems. Features: 
No manual setup or adjustment 
required, complete freedom in system layout, modular units 
conveniently adapt to various tape speeds. 
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As President, | want to congratulate the Instrument Society 
of America and in particular the members of its Aeronautica! 
Industry Division for their vision and contributions which have 
made this special issue possible. On this occasion, we are proud 
to introduce our new line of airborne telemetry equipments. 


ROBERT J. JEFFRIES 


President, Data-Control Systems, Inc. 


AIRBORNE EQUIPMENT 


VOLTAGE-CONTROLLED OSCILLATORS 


The Model AOV-2S offers g 
new standard of oscillator de- 
sign and performance. Single 
power source 20 ma at 18 vd 
~20%. B supply variation of 





10% produces less than 1% 
of bandwidth frequency shift. 
Temp. stability better than 

%, 20°C-100°C.  Long- 
term operable to 125°C. Dis- 
tortion less than 0.6%. Shock 
100 g, vibration 20 g to 


2000 cps specified, tested to 55 g. Linearity =0.5%, input im- 
pedance 500 K. Drives most transmitters without a mixer amplifier. 
Model AOV-2G offers a lower priced unit with comparable per- 
formance, same circuit and configuration as AOV-2S but uses 
germanium transistors. Reduced temperature range (operable to 
85°C, specified to 70°C.) 


Model AOV-3S is miniature 
size (approx. 4 cu. in.). Single 
24 vde supply. B supply varia- 
tion of 10% produces less than 
2% of bandwidth frequency 
shift. Temp. stability better than 
~3%, 20°C-100°C. Long-term 
operable to 125°C. Distortion 
less than 1%. Shock 100 g, 
vibration 20 g to 2000 cps specified, tested to 55 g. Linearity 
~0.25 %. Input impedance 100 K. 

Model AOV 3-G is miniature size, but a lower price. Comparable 
performance, same circuit and configuration as AOV-3S but uses 
germanium transistors. Reduced temp. range (operable to 85°C, 
specified to 70°C). 











Model APC-1 and power sup- 
ply. All solid state. 75-900 
rg samples/sec standard; other 
rates available. Commutator ap- 

proximately 24 cu. in., 1 1/2 Ibs.; 

2000 cps; 100 g shock. Noise 
less than 0.1%; random scatter between contacts 15 mv peak-to- 
peak; overall accuracy better than 1%. Temp. stability 0.25%, 
20°C-100°C. Input impedance 1, megohm plus parallel load. 
Other Airborne Components: Strain gage oscillators, mixers, power 


ELECTRONIC COMMUTATORS 
power supply 8 cu. in.; 20 g at 
suppiies. 


DATA-CONTROL SYSTEMS 


INCORPORATED 


DANBURY, CONNECTICUT 





Airborne and Ground Telemetry Systems and Components, Space Communications and Control Systems, 


Missile Checkout and Control Centers, Remote Control and Guidance, Industrial Information Systems... 


Technical Literature Available. 


For More Data Circle 39 On Inquiry Card 


ISA Journal 





ciety 
tical 
lave 
‘oud 


, Inc, 


nal 





A monthly report of Foundation 
for Instrumentation Education 


and Research activities by its 
Executive Director, Lloyd Slater 


} FOUNDATION FEEDBACK 





FIER Board Girds for an Eventful ’59 by- 


> adding 6 new trustees to bring roster to 23 
» electing Will Garey as incoming president 

> planning further summer courses and clinics 
> preparing a national fellowship program 








PHILADELPHIA, Pa., Sept. 19, 1958—A growing 
maturity in the Foundation for Instrumentation 
Education and Research was obvious during its annual 
meeting held at the Missile and Ordnance Department 
of the General Electric Company on this last day of 
ISA's national convention. 

For one thing, the interest and enthusiasm of FIER’s 
highly placed trustees was sure indication of the grow- 
ing sense of accomplishment: all but three of the foun- 
dation’s board were able to set aside heavy duties and 
get to Philadelphia. Further, as the pictures at the 
bottom of this page indicate, FIER was joined by six 
new members who will add substantially to the com- 
petence and broad perspective of its governing body. 


Will Garey New President 


Elected for the year 1959 was a new group of offic- 
ers: W. W. Garey (McGraw-Hill), president; R. J. 
Jeffries (Data Control Systems), vice-president; J. T. 
Vollbrecht (Energy Control), secretary-treasurer. Be- 
sides these officers, named to FIER’s Executive Com- 
mittee in 1959 were outgoing president C. C. Hurd 
(1.B.M.) and ISA-Representative to FIER J. Johnston, 
Jr. (duPont). 

The most important order of business during the 
FIER meeting was the development of a national pro- 
gtam of graduate fellowships in instrumentation. The 
Board approved of the general plans for this project, 
and final details will be worked out and announced 


this fall in time for the '59-'60 academic year. It is 
expected that at least four FIER Competitive Fellow- 
ships will be established as a starter. 

FIER’s success in conceiving and sponsoring a course 
for teachers at Case Institute last summer also made the 
subject of future courses a major topic. During the 
meeting, at least three 1959 courses were proposed: 
|) a repeat of the proved and highly-rewarding course 
for technical institute teachers; 2) a special course for 
industrial educators from the petroleum industry; 3) a 
course on the theory of instrumentation for college- 
level teachers of chemical engineering. 

A new FIER clinic was also announced: a two-day 
get-to-gether of instrumentation and meteorological 
scientists on the measurement problems of cloud and 
weather modification. The proposed place and time: 
M.L.T. in February, 1959. 


Move to New Quarters 


It also was announced at the meeting that final ar- 
rangements had been made to move FIER’s office into 
handsome new quarters in the American Institute of 
Physics Building at 335 East 45th Street in New York 
City. This splendid location, right opposite the Unit- 
ed Nations, will make the foundation much more ac- 
cessable to visitors and to the new Engineering Societies 
Building which will soon go into construction one 
block away. FIER’s move will take place on Novem- 
ber 1, 1958. 





SIX NEW FIER TRUSTEES 





F. L. HARTLEY 


W. E. CHOPE 
President, Industrial V. P. Research, Union 


President, Industrial 
Nucleonics Corp 


H. F. DEVER 


Div., M-H Regulator Co 
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Oil Co. of California 





J. JOHNSTON JR. 1. M. STEIN 
Instrumentation President, Leeds & 
Northrup Company 


J. A. HRONES 
Vv. P. Academic Affairs 
Case Institute of Consultant, du Pon 
Technology 


115 








= F 
6a ‘ : 

}—, : | 

— } | : 

‘J : | 
: i 
: t 

| 7 

cd as : : 
; ! | 
; 


pups 
* IMS 4, i 
DAS OAL 


er 


dendtnadiliieee datt sidan tees. ton een enemas 
aie i ia 
SMW CE_ 
























“> 
= 
——> 
y 
s | R 
| . 
J: | Ny 
| 
= 7: 
= VALVE DIFFEREN 7 (Ad : 
> AcTVATIow PRESSIRE : 
CURRENT ¥ 3 
| : iE 
, i  : 
, STATIC i 
phassure | f PRESSURE 
| WATER FLOW SYSTEM 
| WATER FLOW PERFOR enance TEST : 
CHART SPEED 15” ee | | 
: : 

















HONEYWELL 


Wyle Laboratories in El Segundo, California, have 
used a battery of four Visicorder consoles like 
the one shown below to run a series of tests on a 
vital missile component. In the Wyle test project 
the unique Visicorder consoles are easy to operate. 
Most parameters are low frequency, requiring 
response on the order of 5 to 60 cycles. 

The two calibrator control panels in each of 
the Visicorder consoles accommodate 10 plug-in 
balance and matching units—designed to match 
tachometer generators, pressure transducers, 
thermecouples, expanded-scale voltmeters, etc., 
to the Heiland galvanometers. 


Dick Johnson, Instrumentation Branch Head 
at Wyle Laboratories, says. ““This system, I feel, is 
one of the most efficient instrumentation con- 
soles in operation. Set up and calibration time has 
been reduced by the use of Visicorders by approx- 
imately fifty percent. This is due to the simplicity 
of operation and trouble-free performance. There 
are no inking pens to clean, high-gain amplifier 
maintenance, and so on, and we can also use these 
consoles together to form systems of more than 


six channels.” 





rd of a missile component 
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Tom Jackson, Wyle engineer, examines Visicorder record 


Honeywell 


HH) Qudustrial Produsts- Group 


The HONEYWELL VISICORDER is the first high- 
frequency, high-sensitivity direct recording oscil- 
lograph. In laboratories and in the field every- 
where, instantly-readable Visicorder records are 
pointing the way to new advances in product 
design, rocketry, computing, control, nucleonics 
...in any field where high speed variables are 
under study. 

To record high frequency variables—and 
monitor them as they are recorded—use the 
Visicorder Oscillograph. Call your nearest Min- 
neapolis-Honeywell Industrial Sales Office for a 


demonstration. 


Reference Data: Write for Visicorder Bulletin 
Minneapolis-Honeywell Regulator Co., 
Industrial Products Group, Heiland Division 
5200 E. Evans Ave., Denver 22, Colo. 


For More Data Cirele 40 On Inquiry Card 








Trends 
and Portents 


from the 
ISA Show 





— MANAGEMENT’S NEW AWARENESS OF INSTRUMENTATION’S POTENTIAL 
— DERIVATION OF NEW INDUSTRIAL INSTRUMENTS FROM THE MILITARY 
— SWEEP BY SOLID-STATE ELECTRONICS OF NEW INSTRUMENT DESIGNS 
— COMING OF AGE OF INSTRUMENTATION AS AN ENGINEERING SCIENCE 


IN A CONFERENCE with over 90 papers, spread over 
five days, and from an exhibit of over 400 displays 
spread over 80,000 square feet of floor space, it is diffi- 
cult to detail exactly—or to more than indicate—the 
new trends and portents it all implies. Herewith in 
twelve pages the ISAJ attempts to pick the tendencies 
and directions in which US instrumentation seems to 
be going in mid 1958 as evidenced by the conferences, 
workshops and exhibits of the 1958 ISA Conference- 
Exhibit in Philadelphia last September. 


It is fascinating to recall that it was in Philadelphia 
in 1794 that Oliver Evans planned and built the World’s 
first completely-automatic factory—a flour mill. But, 
in his wildest dreams, that father of automation could 
never have envisioned the tremendous size and complex- 
ity of his brain child as delineated by the 13th Annual 
ISA Conference-Exhibit of 1958—174 years later! 





Keynote Session 


The conference theme, “Instrumentation in the Space 
Age,” was broadly interpreted by Keynote speakers to 
mean rather the role of instrumentation in the present- 
day World—economically, politically and educationally. 
Said Dr. Robert J. Jeffries, ISA president, in opening 
the Keynote Sessions, “We are convinced that our ob- 
ligations as a technical society extend far beyond scien- 
tific and engineering matters into human relations and 
World affairs.” 

Leadoff Keynote speaker, Dr. Norman Cousins, edi- 
tor of the Saturday Review, in his address “Instrumen- 
tation and World Peace” warned: “Separations in the 
field of science are fraught with danger. Today’s great 
opportunity is to break down the compartments that 
separate man from man. I hope and expect that automa- 
tion will greatly help in this.” To a question by your 
editor as to the exact meaning of this statement Cou- 
sins replied: “I hope that automation—specifically large 
data-handling machines—can help close the gap be- 
tween political science and the billions of hitherto un- 
used facts of history and physical science.” 

Based on his recent visit to Poland, Cousins said: 
“The most historic fact of our times may be the incipi- 
ent split between the USSR and China. Russia today 
faces the possibility of being junior partner in the Com- 
munist world.” 

“The great question today for instrument people is 
whether we are to be the masters or victims of automa- 
tion—for instruments cannot make our economic 
social decisions for us.” 

Keynote speaker Dr. Gaylord P. Harnwell, President of 
the University of Pennsylvania, said: . It is my 


Keynote session speakers chat with ISA president Dr. Robert 
Jeffries (center). Left is Dr. Gaylord Harnwell, president 
University of Pennsylvania, and right, is Dr. Norman Cousins, 
editor the Saturday Review. 
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conviction that the preparation of the instrument engi- 
neer can most effectively be accomplished within the 
structure of our universities . . . It must be led by per- 
sons who have . . . a strong sense of the mission of their 
rofession within the context of the society it serves. 
The instrument engineer is an outstanding contributor 
to our society who . . . occupies a symbolic place in the 
interpretation of mechanisms to men... and in the em- 
ployment of these devices in the well-being of man- 
kind.” 
National Lecture Series 

Beginning this year, the ISA Conference presented 
what is to become an annual event—the ISA National 
Lecture Series. Outstanding authorities on carefully 
selected topics are invited to give tutorial survey-type 
presentations. This year’s speakers certainly measured 
up to this honorary assignment, presenting masterly re- 
views of three vital areas of particularly timely interest. 

In his talk on Process Stream Analyzers, C. Monroe 
Albright, staff assistant to technical director in duPont’s 
Mechanical Development Lab, showed a remarkable 
series of colored slides revealing, in many instances for 
first public view, the latest analyzer developments by 
his firm as applied to a very wide variety of actual plant 
processes. Said Albright, “All analysis is based on ob- 
serving the exchange between matter and energy.” He 
presented excellent charts breaking down this concept 
into four such basic exchanges. Said he, “My slides will 
give you a 25-cent tour of available analyzer types.” In 
truth, however, Albright’s “tour” turned out to be a 
fascinating, information-packed, $64 journey behind the 
scenes in some of duPont’s newest plants. 

Followed two excellent addresses by John Eckhart 
of Sandia Corp., and Dr. Martin Klein of Cohu, which 
deeply gratified and informed an intent audience. This, 
the first ISA National Lecture Series, set standards that 
will be hard to excel in future years. 


Management and Economics 


Another first for the 1958 Conference was a session 
on instrument department management and the econ- 
omics of process instrumentation. In fact, “fitting econ- 
omies into the control loop” as Dr. Jeffries phrased it, 
was an important, persistently-raised issue in several 
other sessions, notably Feedback Control, Data Handling 
Workshop and Chemical and Petroleum. Said Jeffries, 
“The computer concept today is linked with the econ- 
omies of production.” Evident in many sessions is new 
awareness by management of the economic potential of 
full instrumentation, possibly engendered by our fast- 
fading recession. Evident, too, was the seating of the 
instrument engineer at the management table. Thus, in- 
strumentation is being recognized not only as an en- 
gineering science, but as a management science as well. 

Particularly interesting in the Management and Econ- 
omics session were the remarks of Frederick F. Graf, 
assistant purchasing agent for duPont, reported to be 
spending $6 million per year for instruments! Said he: 
“The purchasing agent for instruments is like the rope 
in a tug of war; he must withstand the opposing forces 
of instrument user and instrument seller, and yet re- 
main a strong and unbroken line of communications be- 
tween them.” Very useful, specific suggestions for eval- 
uation of process instruments and automation were off- 
ered in talks by W. O. Webber, Humble Oil, and John 
Kneiling, Theodore J. Kauffeld Consulants. ISAJ re- 
porters urged that this valuable session become an an- 
nual feature of our ISA Conference. 

‘ Generating top interest in the afternoon session was 
Application of Digital Computers in an Integrated 
Petroleum Company,” by Ralph Landis of Champlin Oil. 
This Company’s plans for process optimization captured 
the imagination of the audience, and resulted in one of 


a wvelicet, most informative discussion periods of the 
ek, 
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Management and Economics Session speakers. Seated left 
to right: W. O. Webber, Humble Oil; John Kneiling, Kauffeld 
Consultants; and Frederick Graf, duPont. Standing are 
Thomas Sundheim (left), session chairman, and recorder 
George Werthner, both of Sundheim Associates. 


Of another computer session, an ISAJ reporter said: 
“Great interest was shown in the paper by Gary Hol- 
lander of Philco Corporation, describing various control- 
loop configurations with and without digital computers, 
and a transistorized airborne control computer.” (This 
paper will be featured in your December ISAJ.) 


Management’s New Awareness 


The new awareness of management to the potential 
of full instrumentation - automation, was nowhere more 
evident than in the great response shown this year by 
top-drawer executives in ISA’s Executives Day. Perhaps 
this new appreciation could be attributed to recession- 
sharpened interest in economy and efficiency. A better 
guess, we think, would be that instrumentation has 
finally developed upward from a strictly engineering 
activity to a management science. In essence, this is 
the full fruition of Systems Engineering—theme of ISA’s 
1957 Conference. 

Said H. F. Sperry to the Executive Day audience: “In- 
strumentation, which already has made feedback con- 
trol a reality in industrial processes at production levels, 
is now on the threshold of making an even more signi- 
ficant contribution to control of industrial businesses at 


The Electronic Instrumentation Session drew such unex- 
pectedly-large crowds that it had to be moved into the Con- 
vention Hall Ballroom. In this photo, Lester Ostrander of 
General Motors is listening to a floor question following his 
speech. Session chairman Seymour Sterling, of the S. Sterling 
Co., is at the speakers’ table. 
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National Lecture Series speaker John C. Eckhart, Sandia 
Corporation delivering a closely-knit, well-organized review 
“*Telemetry—the Eyes and Hands of Modern Research and 
Industry.” 


all management levels. This symbolizes one of the great- 
est challenges ever presented to us as instrument engi- 
ners. Instrumentation, as an effective tool for control, 
will become more and more useful to management; this 
goal can be realized only by integrating the skills of in- 
strument engineers with the abilities of management.” 

Sperry went on to show, through a fascinating series 
of charts, the present status of instrumentation in each 
of four categories: systems engineering, measurement, 
data handling, and feedback control; and at four dif- 
ferent levels of management concern: control of process 
variable, control of production unit, control of plant, and 
control of business. A second similar chart depicted the 
mechanization now available to accomplish manage- 
ment’s objectives in these 16 areas. 

Sperry characterized control of plant as a middle man- 
agement echelon—still done largely by technical per- 
sonnel in most plants. Data handling, now being in- 
troduced at this level, stili must receive much more 
study before becoming truly effective. Control of busi- 
ness, he stated, is so complex that the basic conditions 
to make feedback control effective simply do not exist, 
and is just now being explored. While operations re- 
search is of great long-range significance, it cannot solve 
dynamic management decisions affecting weekly or 
monthly operating cycles. Concluded Sperry: “I think 
we now have the basic know-how to approach the prob- 
lem of scientific control at top management levels. 
This will happen only if top management impresses all 
operating levels with the potential which lie in these 
new methods.” 

In describing to the assembled executives the function 
and value of ISA, Henry C. Frost said: “Entirely too 
much of today’s instrumentation is custom-built. As a 
result, industry pays a premium for its instruments, and 
makers cannot concentrate on improvement of fewer 
devices. Only an organization like ISA can bring users 
together . .. to permit broader use of equipment which 
can be produced with money-saving production-line 
techniques.” Frost then described ISA Standards & 
Practices activities which lead to wider use of standard 
instruments. 

In a plea for greater management support of ISA 
activities Frost stated: “Standardization always brings 
demands for understanding and cooperation. Both in- 
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strument makers and users must work enthusiastica)), 
and provide manpower and facilities to Prosecute ff 
work required to achieve success. ISA needs men 
proved executive ability to assume important admin, 
istrative positions in its organization.” : 


Maintenance Management 

Although not primarily intended as an economic dis 
cussion, ISA’s Maintenance Management Workshop, hei 
for the first time this year, contributed further to thi 
1958 Conference concern with costs and their contr 
For example, among factors named by the opening gu, 
sion as key objectives for instrument maintenance Wer: 
higher reliability, reduction of parts inventory, greate 
utilization, and extended life—all objectives with - 
economic basis. 


Without doubt, this new Maintenance Manageme, 
Workshop was one of the hits of the conference At. 
tendance was more than double that expected, and th 
sustained interest throughout the day in the face of poor 
meeting hall conditions, attests to a truly enthusiagj 
reception for this new ISA Workshop subject. 


Measurement and Control 


The preoccupation of this 1958 ISA Conference wit 
the economics of instrumentation extended over in 
what, in other years, would have been purely technic 
discussions. For instance, in the two sessions on Meg. 
urement and Control, the paper “Better Quality and Re 
duced Costs through Consumer Instrument Evaluation 
seemed to develop most audience interest and discus. 
sion participation. Its author, Edwin F. Kremer, of & 
Pont’s Consultant & Development Group, gave may 
valuable, practical suggestions for actual consume 
shop-evaluation of instrument performance and » 
plication. Again, in his talk “Instrumentation for Dy 
namic Analysis of Mechanisms,” R. Humphrey of BY 
emphasized that, as an instrument user, he sought 
simplicity and reliability — both factors with economi 
overtones —to superfluous accuracy or exotic com 
plexity. 

The Conference week, we thought, developed the bes 
quality of technical information of any ISA Confrene 
so far. Perhaps we are just becoming inured to technial 
presentations, but it did seem that authors this year dif 
a far better job in preparing both their texts and ills 
trations. And their presentations were more informa, 
more concise, and much more interesting. At no receft 
ISA Annual Conference has the attendance at sessions 
held up so well all through the long day. 


There were, as usual, disappointing conflicts be‘weel 
interesting talks in concurrent sessions. As one frustra 
ed attendee said, “We need either more sessions or fewe 
papers, or perhaps speakers should give only abstratt 
to allow for more discussion, which everyone seems! 
enjoy most.” 


Exhibit Trends 


With over 400 exhibitors, even five minutes in eat 
display would have required about 17 hours! But in- 
munity to the soaring temperatures, tireless legs a 
persistency did enable your ISAJ reporters to ass® 
most exhibit innovations. (See “Top Twenty New Pte 
ducts at the Show”, page 126.) 


For at least the last two Shows, there were heal 
persistent, but hard-to-pin-down rumors about a “fully 
transistorized electronic control system which W 
shown to a limited few on a strictly hush-hush basis® 
a hotel suite somewhere.” Maybe so. Your repcrter coull 
never find that suite. 

However, this year, with much pre-exhibit showma® 
ship and mystery, no less than four fully-complet 
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beautifully-designed, solid-state electronic process-Co® 
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1g into full public view. With the two 
and tested systems that have been of- 
fered for some yeal’s, the total of such electronic 
gystms On the market now is Six. Thus, ISAJ believes, 
the long-predicted swing to electronic instrumentation 
for process industries has reached full tide. 

We heard serious doubts expressed, however, even by 
a member of the sales department of a firm offering one 
of these new systems, as to whether the process in- 
strument market, in the next few years, could support 
six competing lines. If it does, use of pneumatic in- 
strument systems will have to be sharply reduced. 

Another outstanding measurement trend was the an- 
nouncement of three mass flowmeters, all operating on 
different, and we believe, most novel principles. Two of 
these involved density measure using radiation devices: 
the Ohmart-Foxboro, and the Meriam. The third by 
Fischer & Porter uses a wholly-mechanical dual-cell to 
obtain mass flow rate. (For more detail see page 126.) 

Carrying out the interest in instrumentation econ- 
omics noted throughout the technical and workshop 
meetings was much evidence on the exhibit floor of de- 
sign for lowered price, quicker installation and cheaper 
maintenance. Designers of new instruments, and of re- 
designed older forms, seemed unusually concerned this 
year about easy accessability; about rapid dismount of 
components, with plug-in units the rule rather than the 
exception; about quick, trouble-free disconnects; about 
carefully-marked test points; about well-worded, per- 
manently-marked instructions on operating and check- 
ing procedures; and about durable finished and tight, 
strong, cases. Evidently sales departments rate these 
features high, for many booth attendants proudly em- 
phasized the superior serviceability and economy of 
their latest equipment. 

Not all sales people were so attentive, however. One 
well known instrument consultant complained, ‘With 
some regret I noted a lack of attention in a number of 
booths I visited. Exhibitors seemed to be talking mostly 
to each other. On each of three days, visiting the same 
18 booths each day, in only three did I receive any 
attention.” And your ISAJ editor spent 20 minutes in 
the display of one of the largest exhibitors, going from 
one sales engineer to another, trying to find one who 
could talk at instrument-engineering levels about their 
big, featured new product. 


trol systems spral 
previous matured 


Reverse Twist 


Very significant in the exhibit this year were the 
large number of ingenious new devices, originally de- 
signed for military use, now prettied up and priced 
down to attract industrial instrument users. Time was 
when the Military came to industry for their new 
instrumentation. Markedly this year, the ISA exhibit 
proved this trend has reversed. 

We predict that from now on, industrial instrumenta- 
tion will increasingly derive its latest and best new 
principles and designs from the enormous instrument 
research and development now being carried on by 
government-financed Military programs. So, if you want 
to see what industry may be using five years hence, 
keep close watch on Military derived instrument equip- 
ment. 

One elderly, but wide-awake instrument engineer was 
heard to complain: “Everywhere I looked were strange 
new devices—electronic this, transducer that. ‘Solid- 
state,’ ‘crystal’ ‘magneto-constrictive,’ ‘radiation,’ were 
words mentioned in half the displays. Frankly, I’m 
worried, because I don’t understand how these things 
work or what they’re for. But my boss tells me I’ve got 
to keep up on these new gadgets if we’re going to keep 
our plant up to the latest in instrumentation.” (Note to 
instrument makers: there’s a big job of education to 
be done to up date such instrumentmen through better 
manuals, sales data. advertising, and ISA Conference 
Papers, ) 
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Panel of speakers for the Physical and Mechanical Sessions. 
Left to right are Peter K. Block, Branson Instruments, Inc.; 
Peter K. Stein, Baldwin-Lima-Hamilton; James L. Cross, 
National Bureau of Standards; C. F. Lucks, Battelle Mem- 
orial Institute; and session chairman Mills Dean, David Tay- 
lor Model Basin. 


Here are other quotes on the exhibit from ISAJ cor- 
respondents. “More and more electronics; example, 
Veeder-Root high-speed counter.” “Competition is grow- 
ing fast in digital-read-out devices.” “Saw much im- 
proved quality and some lower prices.” “Most interest- 
ing, promising new trend in transducers is designing 
small, complete servomechanisms as transducers to 
achieve very-high accuracies.” Another: “greatly ex- 
panded use of the oscillograph for read-out of many 
previously-digitized quantities improves interpretation 
of data.” Said another reporter: “Most significant im- 
pression—much greater effort by manufacturers to im- 
prove commercial standards for reliability and main- 
tenance.” 


And as always many reported, “Good show, well laid 
out. Not nearly enough time to really attend all func- 
tions in an adequate manner.” 


Ruth Helbling, ISA headquarters staff, is shown in the US 
Navy exhibit holding model of the Navy fighter plane which 
mounts the latest air-to-air missile, the ‘‘Sidewinder,”’ credit- 
ed with recent Nationalist Chinese air victories at Quemoy. 
In background, visitors are moving lighted cigarettes about 
and watching the airfoils of the IR-guided missile (right) re- 
spond. Sidewinder was publicly shown for the first time at 
the ISA Show. 
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Your Executive Board for 1958-59. These are the members of the ISA Executive Board for the coming year. Seated (lef 
to right) are Vice President Industries Dept. Dr. Ralph H. Tripp, Grumman Aircraft Engineering Corp., Treasurer How. 
ard W. Hudson, Paneliit, Inc.; President-elect-Secretary John Johnstone, Jr., E. 1. duPont deNemours & Co., Inc.; Prag 
ident Henry C. Frost, Corn Products Refining Co.; Vice President Technical Dept. Thomas C. Wherry, Phillips Petroleum 
Co.; Vice President Standards & Practices Dept. Glen G. Gallagher, The Fluor Corp., Ltd.; and Vice President District x 
Joseph Rogers, The Bristol Company of Canada, Ltd. Standing left to right are Vice President District || Charles A. Kong, 
Electronic Tube Div., RCA; Vice President District V Gordon D. Carnegie, King Instrument Co.; Executive Assistant—Districts 
Willard A- Kates, The W. A. Kates Co.; Vice President District ||| J}. Thomas Elder, Tennessee Eastman Corp. ; Vice President Dis- 
trict VIII John A. See, Boeing Airplane Co.; Vice President District VI G. Brockett, Fisher Governor Co.; Vice President Dis- 
trict IX Adelbert Carpenter, Fischer & Porter Co.; Vice President District |1V George L. Kellner, Linde Co.; 1957-58 President 





Dr. Robert J. Jeffries, Data-Control Systems, Inc.; Vice President District Vil Dr. John F. Draffen, Monsanto Chemical Co,; 
and retiring Vice President District VIIl John V. Opie, Mallinckrodt Chemical Co. 


ISA Show Week - - - 


- -- Faces and Functions in Photos 


Deep in Discussion—of ISA Industries Department plans for 
the coming year are its Division Directors. Around table start- 
ing at left: Dick Pond, Chemical and Petroleum; Hi Johnson, 
Power Industry; Dick Webster, Metals and Ceramics; Bob 
Spangler, director Pulp and Paper; Ralph Tripp, Industry De- 
partment vice president; Louis Good, director elect, Pulp 
and Paper; J]. B. Anderson, Food Industry; Ed Hall, associate, 
and Tom Pierson director, Chemical and Petroleum; Walt 
Gabriel, director, and Fred Woods director elect, Aeronautical. 











The Ladies Had a Grand Time—thanks to the tireless an 
skillful work of the Ladies Program Committee, several of whom 
were found by the ISA] cameraman busy but smiling prettily 
at Ladies Headquarters Parlors at the Sheraton Hotel. Stané 
ing left to right are Mrs. David Ross, ladies’ tours committee; 
Mrs. Wayne Miller, hospitality; Mrs. Douglas Brooks, gener 
chairman; Mrs. H. Hanson, tours committee; and Mrs. Horat 
Richter, tours committee chairman. Seated is Miss Ann Dugat, 
secretary, of the Utilities Dept. U. S. Steel 
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d Work—went into dozens of ISA commit- 
ttended by hundreds of devoted and dedi- 

rs. It is men like these of the Data Handling 
nen Division, working early and late behind 
+ scene, that makes the year-long ISA program click 
Around the table from left to right sit Allen Rohn, Wes- 
ley Burt, S. Kaufman, Irving Lefkowitz, Ken Kratochvil, 
division director Bob Saunders, Bill Deutch, Art Freilich, 
Dick Wendt, and Howard McKenna. 


Plenty of Har 
tee meetings a 
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NBS Exhibit. ISA welcomed for the first time this year a 
splendid exhibit by the National Bureau of Standards. In this 
photo, Mrs. Barbara Douglas, of the NBS Boulder Colorado 
Laboratories is demonstrating a new NBS-developed microwave 
attenuated calibration system to E. B. Sutherland, Taylor- 
Emmet Instruments (left) and Dick Day of Petroleum Machine 
Corp 





Shifting Attention—from the weighty problems of automation 
and instrumentation, ISA’ers thoroughly enjoyed the annual 
Presidents Reception. At the head of the reception line are 
(left to right) 1958-59 president Henry C. Frost, and Mrs. 
Frost: Mrs. Jeffries greeting member Harold Noble, Boeing 
Airplane Co., Wichita; and 1957-58 president Dr. Robert 
J. Jeffries, who is shaking hands with E. R. Evans (face hid- 
den) Convair Corp., Ft. Worth. 





A Job Well Done—tbrings big smiles of satisfaction to the 
faces of the men chiefly responsible for the splendid success 
of the entire Conference-Exhibit week. Snapped at the ISA 
Banquet left to right are Conference Executive Chairman Wm. 
A. Crawford, E. |. duPont deNemours & Co.; 1958-59 ISA 
President Henry C. Frost, Corn Products Refining Co.; 1957- 
58 President Dr. Robert J. Jeffries, Data~-Control Systems, Inc. ; 
and Conference General Chairman Henry F. Dever, Minne- 
apolis-Honeywell Regulator Co 
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Flight Deck Instrumentation—of the latest US Navy design 
is being examined by Executive Day guests J. E. Wiley, man- 
aging Director of Materials and Services, American Road Build- 
ers; and T. H. Mitchel, President, RCA Communications. Rob- 
ert Harwood, Electronic Scientist Supervisor for Navy Elec- 
tronic Laboratories is explaining the helmet, while J. B. Mc- 
Mahon, President, J. B. McMahon Co., looks on from right. 
Flight-deck control system helmet contains transistor radio 
intercom, and rechargeable battery good for 18 hours, yet 
weighs only 4 Ibs. 


















Absorbed in Listening—is this group of : 

150 guests at the Leeds & Northrup Com- - 
pany ISA Plant Tour, one of two arranged 
for attendees during the Show week. L & 
N plant manager Elwood H. Rogge (right) 
welcomed the group to their tour of the 
Company’s new North Wales plant. Later 
in the week, ISA conducted a tour of 
Philadelphia’s famous Franklin Institute 
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’ ISA’s 1958 Workshops and Clinics “sweated it out” 
in two ways. Philadelphia served up some of the warmest 
September weather in years, and a hot-and-heavy cross- 
fire of floor questions kept panelists and audience both 
in heated debate long after scheduled hours. Thus again, 
the ISA Clinic-Workshop technique of “controlled free- 
for all” discussion brought out the facts wanted by user 
and m:ker alike. 


Clinic and Workshop 
Give-and-Take 
Gets at the Facts 





+ 


Kept After School—was Donald L. Evans (right) by his 
desire to clear up his understanding of an important point, 
When our ISA] camerma-man dropped by 10 minutes afte 
class was over, Evans, instrument foreman for Socony Mobil 
in Buffalo, and Instrumentation Clinic instructor Ronald 
Haverl, Manning, Maxwell & Moore application engineer, 
were deep in a discussion of a diagram showing the anology 
between Microsen air and electronic relays. Foreground 
shows the convenient portable test equipment used for 
trouble shooting MMM's electronic control line. 





This Big Crowd—filled the hail durinz ISA's frst Educators Give and Take—such as this, between audience and speaker 





Workshop, and stayed on to follow closely a d.scussion |-ad 
by eight highly-qualified men from both education and in- 
dustry. The interested audience consisted about equally of 
technical institute educators, public vocational-school people, 
industrial instrumentation instructors, and engineers from in- 
dustry. After the formal papers, a 3 to 5 pm session generated 
much heated discussion between the responsive audience and 
the able, obliging panelists. 





Basics on Digital Computers—are here being elucidated with 
the help of blackboard equations by Dr. Robert McNaughton, 
electrical engineering professor of Princeton University. This 
morning session of the Computer Clinic was jammed with 
instrument p2ople intent on absorbing the fundamentals of 
both analog and digital computers. After they had learned 
the basics on components and operations of each type, they 
went on to dual afternoon sessions specializing on specific 
applications. 
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typifies the ISA Clinic and Workshop technique, which really 
brings out the facts each attendee wants to hear. This 
photo shows the first ISA Workshop on Maintenance Man- 
agement. Attendance far exceeded expectations, so the 
meeting was divided into two groups which still overflowed 
both halls. Here, speaker Robert Hurley (front of room) of 
duPont, having stimulated discussion by a brief introductory 
talk, listens to a comment by T. R. Rucker (standing, left 
instrument foreman at Oak Ridge National Labs. 
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Sales Engineers Explore—three critical areas in professional 
ethics. ISA] feels the discussions this year were at a higher 
level of professional accomplishment than at last year’s en- 
thusiastic initial meeting. Contributing panelist-speakers left 
to right are: Joseph Yanak, M. W. Kellogg; H. W. Dier- 
man, Consolidated Edison; Norbert Weber, Foxboro; Wm 
Dittman, Dittman & Greer; and K. Knoblauch, Minneapolis 
Honeywell. Session moderator Nat Cohn, Leeds & Northrup, 
is at the podium, opening the workshop. (Edward Delaney, 
Perkin-Elmer is hidden by lectern.) 





Experts at Attention. Listening intently to a tricky question 
from the floor are members of the Control-Systems Work- 
shop Panel Discussion on frequency-response techniques 
Left to right are Fred Winterkamp, duPont; D. E. Berger, 
Phillips Petroleum; session chairman Dr. John Draffen, Mon- 


santo; J. F. Horner, Minneapolis-Honeywell; H. S. Foss, 
duPont; and Dr. E. F. Johnson, Princeton University. Tricky 
question was from Fred Auch, application enginner for 
Reliance Electric: ‘‘Where are the limits of responsibility 
for equipment dynamic analysis as between maker and 
user-—how far should the maker go?"’ 


Just What They Like—a chance to ‘‘watch the wheels go 
round,”’ and get their hands inside unfamiliar equipment. 
And that’s exactly what ISA’s Instrumentation Clinics pro- 
vide each year for hundreds of instrument technicians and 
engineers. Here instrument maker, Fischer & Porter and 
instrument user P. H. Glatfelter Co., teamed up to present 
a Clinic on Ratio Control for Chemical Blending. Explaining 
F & P’s ratio controller are (left to right) application engineer 
Bill Buzzard, and service manager Bob Whitbeck Looking 
on are students Stan Tipton, instrument mechanic, Barrett 
Co.; and Bob Johnson, instrument engineer, and C. E. Bal- 
cerzak, instrument foreman, both of Callery Chemical 
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Pencils Were Busy—taking notes at all six sessions of the 
Data Handling Workshop. And why not? The kind of in- 
formation brought out by ISA’s give-and-take workshop 
discussions isn’t written down anywhere. That's why in 
strument men eagerly crowded in despite the 90° tempera 
tures. Here (left to right) are Data for Measurement “‘activa 
tors’’ Harold Morris, RCA Service; Paul Vavra, NACA; 
Richmond Perley, United Aircraft; Leighton Meeks, General 
Electric; Session Chairman Paul Fuhrmeister, NACA; and at 
the speaker's stand, Joseph Lombardo, Minneapolis-Honey- 
well. 


y ih 


Objectives of Good Maintenance—were the first order of 
business at this opening exploratory session of the first 
Maintenance Management Workshop. Neil Blair, workshop 
program chairman, threw the discussion open to audience 
suggestion and jotted down on the blackboard the ideas 


accuracy, 2. reliability, 3. extended life, 4. 
high utilization, 5. reduction of parts inventory, 6. safety, 
7. modernization, and 8. standardization. Lists like this, 
coming out of these first exploratory sessions, will form the 
basis for Maintenance Management programs next year. 


elicited: 1 


Deep Insight— into the complexities of cacsaded control were 
provided Instrumentation Clinic attendees by this splendid 
working model of a cascaded system in the session spon- 
sored by instrument user Sun Oil Company, and instrument 
maker Taylor Instrument Cos. Bob Edelman, Taylor appli 
cation engineer (standing) demonstrated to an absorbed class 
start-up, manual-control, transfer techniques, and the pro 
cedure for obtaining optimum controller adjustments witn 
this fully-operating cascade system. Where else than in ISA 
Clinics could you get such helpful instruction? 
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FOXBORO ELECTRONIC CONSOTROL. 
completely solid-state electronic control instruments, using 5 
to 50 ma d-c transmission, attracted much viewer interest at 


Foxboro’s booth. 
electric converters to handle low-level 


fiers and transistors throughout. 


componen ts. 


For More Data CIRCLE 501 on Inquiry Card 


L & N MINIATURE ELECTRONIC 
CONTROLS. L&N uses a | to 5 ma d-c 
transmission signal throughout their new 
system to avoid a-c pickup and provide 
greater compatibility: 0 to 4 ma signals 
can be used for data-handling and com- 


puter purposes. Electric transmitters 
handle strain-gages, resistance thermo- 
meters, etc.; position-type transmitters 
handle flow, level and pressure. All 
transmitters are completely explosion- 
proof, and completely transistorized. 


Ratio or cascaded control is accomplished 
in a single standard 6” x 6” miniature 
case; cascade units provide adjustable 
high and low limits for the secondary- 
loop set-point. Controller output is com- 
patible with any of the electro-pneu- 
matic or electro-hydraulic actuators, or 
any all-electric valve actuator. 


CIRCLE 502 on Inquiry Card 


Ihe new line offers two transmitter types: 
electrical measure 
ments such as thermocouples, strain-gages or pH; and both 
force- and motion-balance units for level, 
sure. Motion-balance transmitters provide field indication 
(see figure). Also new are recorders, recorder-controllers, 
control stations, including ratio and cascade, and valve opera- 
tors. All units are completely tubeless—using magnetic ampli- 
The user is presented with 
a completely new approach to control station design, enabling 
the most diverse arrangements, yet using standard system 


1. The sweep by electronics of the process industry a 
strument designs; 


2. The arrival of the long-expected “solid-state” industrig 
instrument systems. 
2) Supply Voltage 
The four complete, new, miniature, electronic proce 
control systems shown on this page were unveiled by fy 
major companies: Foxboro, Leeds & Northrup, Ming 
apolis-Honeywell and Taylor. No less than 86% of the 
30 odd experts polled by ISAJ included one or more 
these four new systems among their five top choices fy 
“outstanding new products at the show.” With the tm 
previous systems by Swartwout, and Manning Maxwd 
& Moore, this makes a total of six electronic process oy 
trol systems now on the U. S. instrument market, Up 
fortunately, the new designs evidence no unanimiy 
as to transmission signal characteristics, there now bein 
four d-c, one a-c and one combination signal, but g 
different! Surely such diversity is not conducive to tk 
widest customer acceptance. 


A full series of 


flow and _ pres- 


M-H ELECTRIK TEL-O-SET. In addi 


tion to a full variety of transmitters, re- 
corders, control stations and valve opera- 
tors, the new Minneapolis-Honeywell con- 


trol system is unique in offering easy 
adaptability to frequency-type long-dis- 


tance telemetering. The 4 to 20 ma d-c 


transmission signal from any _ standard 
process-variable transmitter (left in photo) 
can be converted into a variable fre- 
quency telemeter signal (center unit). 
Then, at reception end, frequency signal 
is reconverted back into 4 to 20 ma d-c 
(by right unit) for input into any M-H 
recorder-controller combination, or com- 
bined with local process signals for ratio, 
cascade, etc. control. For electric powe1 
generation and distribution applications, 
thermal converters are offered for input 
to the mv/I transmitter. 


CIRCLE 503 on Inquiry Card 
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The Twenty Top 


By all odds the outstanding product trend ey 
the Philadelphia ISA Exhibit last September w 
pounded of two factors: 
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FAYLOR ELECTRONIC CONTROL 
SYSTEM. Using experience gained in 
years of building pneumatic control 9 
tems, Taylor’s new electronic line em 
bodies design features parallel to thet 
air-operated Transcope series.  Taylat 
uses both a-c and d-c transmitted signal 
differential transformers convert motion 
signals into 0 to 200mv a-c accepted 
their a-c recorder; low-level d-c signal 
(thermocouples, etc.) are amplified by the 
Iranset Transmitter to 0.25 to 1.25 vol 
d-c to actuate a d-c recorder. Controllet 
output is always | to 5 ma d-c. Controllen 
and recorders are transistorized. Photo 
shows plug-in recorder-amplifier circuit 
cards which permit fast, easy servicing 
and checking. A unique circuit prevent 
overpeaking—“reset wind-up”, on mo 
processes, even without rate action control 


CIRCLE 504 on Inquiry Card 
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roducts - - - at the ISA Show 






- - - - as determined by an ISAJ poll of 30 widely-experienced user en- 


gineers representing every instrument activity from missiles to medicine. 


fm, 
Om 


WIANCKO D-C PRESSURE TRANS 
DUCER. Among the aeronautical visitors 
to the show, the new Wiancko Engineer- 
ing Company’s d-c pressure transducer 
found particular favor. In it, a solid-state 
carrier and demodulator are combined 
with a variable-reluctance pickup, thus 
providing all the advantages of a high- 
output variable-reluctance pickup plus d-c 
exitation, and 0 to 5 volt d-c output. Fea- 
tures not commonly found in 0 to 5 volt 
d-c transducers are continuous resolution, 
0-5 volt d-c output at constant impedance, 
low hysteresis, superior linearity, and high 
natural frequency. It is available in gage, 
absolute and differential-pressure models 
especially suitable for telemetering, static 
test stands and data systems. Also avail- 
able are accelerometers and force rings 
using variable reluctance principles. 


CIRCLE 505 on Inquiry Card 


SWANSON GRAPHALARM CONTROL CENTER. Show visi- 
tors report a notable innovation by Swanson Engineering & 
Manufacturing Co. in their Graphalarm instrument panel. 
Graphalarm presents process data to the operator in the most 
effective form, using both sight and sound senses. Each process 
variable is identified in the semigraphic display (top) by one 
color (green) of a tri-color light. Above-normal values cause 
horn to blow, light to change to flashing red, and the specific 
instrument involved, (lower display) to be identified by a similar 
light. Below-normal values cause same signals, but light is 
flashing amber. Under normal conditions, all lights are green. 
Off-normal adjustments travel with the set pointers of the 
process controllers, so don't require separate settings. 


For More Data CIRCLE 508 on Inquiry Card 
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NORWOOD ALL-ELECTRIC VALVE 
POSITIONER. The 1956 and '57 ISA 
Shows saw the introduction of several 
electro-pneumatic and_ electro-hydraulic 
valve actuators designed for compatibility 
with the fast-coming electronic control 
systems. Now, a 1958 innovation—an all- 
electric positioner by Norwood Controls 
Division of American Standards Products— 
completely eliminates need for auxiliary 
pneumatic and hydraulic valve-actuating 
systems. Designed to operate from most 
standard electric controllers, it is powered 
by a 1/40 hp, 2-phase induction motor, 
which drives the valve stem through a 
gear train and ballscrew mechanism. The 
operator is transistorized, explosion-proof 
and has a hand-wheel for manual opera- 
tion. Stroke, 4%” to 2” speed, 0.15 in./ 
sec; thrust 1000 Ibs. 


CIRCLE 506 on Inquiry Card 


OHMART-FOXBORO 
the ISA Show was a new mass flowmeter with seemingly great 
potential use in the process industries. Because no part of the 
instrument projects into the pipe, it is ideal for heavy slurries 
as well as solutions, and problems of corrosion, erosion, agglo- 
meration and pressure-drop, are almost eliminated. Output from 
an Ohmart radiation-type density-gage is multiplied with that 
from a Foxboro magnetic rate-of-flow meter to yield mass rate 
of flow. Results can be totalized to yield tonnage per shift, or 
day. Since density, flow, and mass flow are recorded separately, 
variation affecting each can easily be controlled. 
meter can register either total weight of product, or weight of 
a single material, such as dry solids in a slurry 


For More Data CIRCLE 509 on Inquiry Card 





WESTON MULTIPOINT RECORDING 
POTENTIOMETER. Plenty of interested 
process engineers dropped in at the dis- 
play of Weston Instruments, Division of 
Daystrom, Inc., where their brand-new 
2 to 24 point wide-strip recorder was in- 
troduced. Feature is rapid, inexpensive 
changeover of number of points by simple 


plug-in adapter units (photo). Three 
quick-change parts vary the number of 
points recorded—a multiple electrical 


connector plug, a dial indicator and a 
print wheel. No new selector switch, 
component refitting or soldering is re- 
quired. Changeover time: 3 minutes. 
Range-changing, too, takes only one plug- 
in component. Change to other thermo- 
couple curves is done quickly by sub- 
stituting a terminal block with built-in 
cold-end compensation. 


CIRCLE 507 on Inquiry Card 
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MOORE NULLMATIC CASCADE CON- 


IROL. Main attraction at the booth of 


Moore Products Company was their new 
single-station system for cascade control, 
featuring an indicating, or 4”-chart re 
cording receiver (photo) with greatly 
simplified switching. This 
saves cost of an extra station, requires 


single unit 


less panel space and reduces operation to 
one location on the board. Only one knob 
and two easily-remembered steps are 
needed foi transfer 
any two control “bumpless” 
transfer is built in. Controller alignment 
is always maintained by valving appro 
priate pressures to the reset-feedback con 


fool-proof between 


positions; 


nections of both controllers. The new 
receivers match in appearance and panel 
cut-out previous Nullmatic models. 


CIRCLE 510 on Inquiry Card 


BROOKS MPT FLOW TRANSMITTER. 
The Brooks Rotameter Company booth 
attracted many visitors with its featured 
display—the new MP1 
transmitter. This device, using a new 
magnetic-converter method for translat- 
ing vertical float-motion into rotary point- 
er motion, eliminates previously-persistent 


pneumatic flow 


rotameter transmitter shortcomings, and 
brings these instruments into complete 
compatibility with the latest logging and 
data-reduction equipment. Features: di- 
rect flow indication independent of trans- 
mitted signal; fast minimum 
temperature error; output linear to flow 
rate—not float position; output compat- 
ible with any standard pneumatic con 
troller; and with indication, recording, 
alarm, and integrating functions. 


CIRCLE 513 on Inquiry Card 
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GREENBRIER CHROMA-CAT ANALY 
ZER. Among new stream analyzers shown, 
Instrument Company’s 
“Chroma-Cat”—a_ process-stream chroma 


was Greenbrier 


tograph which can operate at higher 


temperatures than possible 
up to 200°C—through its use of a catalytic 
combustion detector. 
tain full sensitivity to higher temperatures 
than does the thermal-conductivity tvpe. 
(left) houses two stabi 


previously 


Such detectors re 


Analyzer cabinet 
lized tempercture zones, column, sampling 


! The External high 


valve and detectors. 
capacity heater has a unique, double 
proportio ial system. 


\ liquid vaporizer, located on top of the 


pneumatic-control 


heater, is standard equipment, and_ is 
maintained at a higher temperature than 
the interior of the analyzer section. 


CIRCLE 511 on Inquiry Card 


SWARTWOUT THERMO-DRIVE A¢ 

FUATOR. Unquestionably, the most 
radical and 
precedence in industrial instrument design 
was the Thermo-Drive Actuator by the 
Swartwout Company. This actuator op- 
Freon 


ingenious departure from 


erates by the expansive force of 
vapor. It uses no compressed air, motors, 
gear trains pumps, oil, amplifiers, or re- 
lays. Freon is continuously vaporized by 
an integral electric heater. Freon vapor 
bleed-rate is controlled by a release valve 
actuated by a force coil powered by the 
electronic controller output. This Freon 
vapor-pressure, applied through a spring 
bellows, actuates the stem. A_ position 
feedback mechanism achieves precise null- 
balance positioning repeatable to 0.5%. 
Force 500 Ibs; stroke 1.5 inches; speed 


0.1 in./sec. 


CIRCLE 514 on Inquiry Card 
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SIE CM-2 PROCESS ANALOG COM. 
PUTER. In the display of Southwesterp 








Industrial Electronics Co.. process people 
showed great interest in a brand-ney 
specifically developed 
for preesss inductrv use in plant design 
process optimizing, As 


an operations! aid, 


analog compute 
calculation and 
the CM-2 displays q 
computed result which is claimed to be 
more meaningful to a_ process operator 
than a panclboard full of uninterprete 
numb-: CM-2 also can linearize nop 
linear process characteristics o1 perform 
closed-loop control. Typically, its output 
Set points of 
existing controllers. Its inputs and out 


would be used to modulate 
puts are compatible with the transmitter 
and controllers of several of the electronic 
process control systems. 


CIRCLE 512 on Inquiry Card 


MSA IONIZATION CHAMBER. Latest 
addition to its gas analysis equipment line 
is Mine Safety Appliance Company’ 
Ionization Chamber for detecting airborne 
toxic gases and process contaminants down 
into the 1ange of parts per billion. I 
measures electrically, in a_ specially de 
signed ionization chamber, any decrease 
the ionized gas 
samples that is caused by removal of ions 
by the contaminant measured 
Sample gas is ionized by a capsule of 
radioactive material located in the ioni 
zation chamber. Various sensitizing tech- 
niques provide a wide range of selectivity 
Although it is new, this instrument al 
ready can be used in detecting many it- 
dustrial gases, and the number is it 
creasing as new sensitizing techniques are 


in the conductivity of 


being 


developed. 


CIRCLE 515 on Inquiry Card 
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Electromagnetic Pickup 


F& P MASS FLOWMETER. Unique fea 
ure of the new high-accuracy mass flow 
meter introduced by the Fischer & Porte 
Co. is its providing of true mass flow with 
but a single metering unit, completely 
eliminating sampling equipment or op 
erator adjustment formerly required with 


separate specific gravity and flow-rate 


units. The new mete comprises two 
hydraulically matched components (see 
figure): 1. a variable-force element which 
produces a voltage proportional to volume 
flow-rate squared times the fluid density 
(Q2p); 2. a turbine flow-rate element 
which produces a frequency proportional 
to volume flow rate (Q). Divided elec 
tronically: Q2p + Q = Qp which is the 
mass flow rate. Accuracy + 1% of in 
stantaneous rate, at up to one million 


Ibs/hr. 
CIRCLE 516 on Inquiry Card 


OPTRON 701 DISPLACEMENT FOLLOWER. 
tory show attendees were enthusiastic about the Optron Corpora vl 
tion’s new optical-electronic instrument for measuring motion, control display by GPE Controls, Inc., Subsidiary of General 
displacement, or vibration. It is accurate 


operates without contacting the subject at 


working distances 


Hf) 


DECKER CARDIODYNAMETER. With 
the increasingly great scope of ISA in- 
dustry coverage, the ISA show this yea 
produced several fascinating new displays 
in biological and medical instrumenta 
tion. Voted outstanding among these was 
the Decker 
iodynameter, an ultrasensitive differential 


Aviation Corporation Card 


pressure meter especially designed for 
medical applications. Among its many 
uses are digital plethysmography, pulse 
oscillography, and physiological differen 
tial-pressure measurement. In digital ple- 
thysmography, the pulsating flow of blood 
through the capillaries of a finger or toe 
is measured by inserting the digit into a 
plastic cup. Volumetric changes of the 
pulsing digit produce pressure changes 
which, electronically amplified, can be 
read out on any recording oscillograph. 


CIRCLE 517 on Inquiry Card 


Physical labora LIBRATROL-500 


50 micro-inches, 


PROCESS CONTROL COMPUTER 


itor attention was focused on the computer-dirccted process 


high-speed digital computer 








PANELLIT MYLAR PANELBOARDS. 
Much interest was shown by process in 
strument engineers in the new Mylar® in- 
strument panelboards introduced by Pan- 
ellit, Incorporated. The entire surface of 
the 44” steel or aluminum panel is cov 
Mylar/Vinyl bonded laminate 
held by pressure-sensitive adhesive. All 


ered by 


flow lines and equipment symbols also 
are of the same material. Mylar/Vinvl 
is less easily marred than enameled steel 
or melamine, and both surfaces and sym- 
bols are available in a rich variety of at- 
tractive permanent colors. Outstanding 
feature is ease with which panel changes 
can be made in the field using replace 
ment lines-and-symbols kits. And the new 
panels cost 10 to 20% less. (*Registered 
Trade Mark E. I. duPont deNemours & 
Co ) 


CIRCLE 518 on Inquiry Card 


Much 


Precision Equipment Corp., developed around a highly-reliable, 


(photo). Computer provides a 


from 0.65 to 8.75 inches under davlight lighting of up to 40 ft full range of function, from digesting process data to give 


candles. It works by focusing a small light spot on the edge of 
. , 4 ae ] . 

the subject—any material regardless of size, shape or composition closed-loop process control 

\ fast electronic servo causes light spot to follow subject motion advances 


up to 5,000 cps. Amplitude and waveform of motion is read 


out on oscilloscope. Uses include motion 


contacis, valves, accelerometers, and other oscillating or rotating 


parts. 


For More Data CIRCLE 519 on Inquiry Card 


of shake-tables, relay 


use as his plant 


more-understandable information for human operators, to full 


Thus, user can expand computer 
Ihe 500 takes either digital o1 


analog-voltage inputs from standard process instruments, and 
fixed data, set-points, programs by the human operator from 
typewriter or punched tape. Outputs can be typewritten, moni 


tor-display, alarms, or signals for process controllers. 


For More Data CIRCLE 520 on Inquiry Card 
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Address of President-Elect 
to Annual Members Meeting 
Philadelphia, September 16, 1958 


by Henry C. Frost 


1959 President 


A technical society, such as the 
ISA, exists primarily for one pur- 
pose — to serve its members and 
those who will benefit from the ef- 
forts of volunteer participants in its 
activities. A society exists because 
its members desire something which 
cannot be accomplished by indivi- 
dual action. Since human beings are 
all-important in a society — mater- 
ial things are relatively unimport- 
ant — it has all the frailties gener- 
ally associated with human beings. 
Hence, we see some giving devoted, 
unselfish service while others are 
openly critical of what they are do- 
ing. We see some striving to con- 
tribute their efforts in a manner 
that will advance the common good, 
while others are seeking personal, 
selfish ends for material gain or self- 
aggrandizement. It might even be 
said that occasionally an honest mis- 
take is made. The true measure of 
the Society’s worth, though, is the 
extent to which it advances the 
causes for which its stands and the 
measure of regard in which others 
hold it. 

In 13 years, the ISA has made real 
and certain progress. As I remember 
so vividly the experiences we went 
through in its formative years, I can 
by comparison see the changes which 
have been wrought. Those who have 
guided its destinies have planned 
well, and have been courageous 
enough to stand for the things 
which eventually resulted in a meas- 
ure of the recognition which we so 
rightly seek. 

However, since I am talking to 
you, the members of the Society, 
and principally the official repre- 
sentatives of our many great sec- 
tions, I want to confide in you that 
I am a little disappointed that I still 
do not see the true spirit of com- 
plete oneness of purpose between 
what has been called the “national” 
and the sections. As I have visited 


130 


SOCIETY NEWS 








several of the sections during the 
past year, I have been gratified by 
the awareness of responsibility and 
obligation to the ISA and the mem- 
bers in their geographical areas dis- 
played by some of the sections. In 
others, I have detected an apathy 
toward the objectives of the Society 
possibly born of insufficient contact 
with its program, and hence lack of 
understanding of the importance of 
the contribution of each segment of 
the Society to its success, or lack of 
willingness to accept the role of the 
section. 

Whatever may be the reason, I 
propose that we make it a prime 
purpose in our working together this 
year to develop that spirit of one- 
ness so important if we are to meet 
our objective: “to advance the arts 
and sciences related to the theory, 
design, manufacture and use of in- 
struments and controls in the var- 
ious sciences and technologies.” For 
us to work together, we must know 
what we are for and what each of us 
proposes to do. 

I submit that a cardinal point in 
our understanding must be, that 
when a person joins us anywhere in 
the World, he joins the Instrument 
Society of America. How well I re- 
member the early meetings of the 
original city groups which formed 
the Society where all were afraid 
they would lose something in union, 
and yet all knew that union was in- 
evitable if the technology was to ad- 
vance. Even the strong advocates of 
“states rights” eventually saw the 
advantage of a central organization 
and capitulated. I would hope that 
after 13 years there is no question 
about the relationship of a member 
to the Society. 


For us to best serve our members, 
the Society has many sections which 
are formed wherever a_ potential 
group of members can meet the 
qualifications for becoming a sec- 
tion. Most members desire to enjoy 
the advantages of section affiliation, 
although this is not a requirement. 
The section has as its primary ob- 
ligation the extension of the So- 


ciety’s program in the geographic 
area which it serves. 

Our Society is unique in jt 
breadth of interest areas and mem. 
ber backgrounds. For example, } 
covers tremendous areas of interes 
ranging from missile instruments 
tion to business, and is generally 
very horizontal in its subject scop 
Its members represent wide interest 
ranging from scientists with mult. 
ple degrees in education to m. 
chanics. 


What Our Objectives Are 


1. We have a primary purpose t 
disseminate information on instn- 
mentation to those who are interest- 
ed in keeping abreast of the newest 
devices and applications. 

2. We believe it is our function t 
stimulate education and opportun- 
ities, therefore, over the whole in- 
strumentation technology. 

3. We believe that an important part 
of our effort should be to develop 
programs of standardization to rr 
duce costs and free our members 
for more important work, while a 
the same time not hindering initia 
tive and imagination. 

4. We should be constantly concer: 
ed with opening up opportunities for 
the personal development of ou 
members. 

5. We aspire to become the spokes 
men for the entire profession on edt 
cation and government at both local 
and national levels, and to achieve 
recognition as The Society in instru- 
mentation technology. 


Major Problems which Face Us 


1. How can we develop prograiis 
which will challenge the interests 
and member qualifications we el 
brace? 

2. How can we become so apparently 
The Society which can meet thes 
broad interests that we can attra 
and keep interested the countles 
thousands who might contribute 
the Society, but who are not meir 
bers? 
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3, How can we really meet our prop- 
er responsibility in advancing edu- 
cation and opportunities for mem- 
bers and others to learn more 
about this great technology? 


4, How can we expose those areas 
which require cooperative work on 
standardization, and then have the 
strength of purpose and character to 
work together harmoniously to de- 
velop these standards for the bene- 
fit of industry and all mankind? 


5. How can we gain the recognition 
of other technical societies, business- 
es, industries, government and edu- 
cation as The Society representing 
the instrumentation technology? 


I find that many of our sections 
are looking for help. Some are dis- 
couraged, some are trying to solve 
their problems, and some do not 
even seem aware they have prob- 
lems. For the most part, they are co- 
operative. Some do not understand 
what we are striving for, nor the re- 
markable progress which we have 
made. A few are critical, and may be 
neglecting local opportunities while 
searching for satisfaction on a broad- 
er plane. As far as I can see, none of 
our sections is coming even close to 
meeting the challenge imposed by 
the broad objectives and goals of the 
Society in the areas which they 
serve. 


1. What section has really met and 
found an answer to the problem of 
the diverse interests of its members, 
and all those in its geographical 
area who should be members of the 
Society? 


2. What section is able regularly to 
attract even the majority of its mem- 
bers to its meetings, let alone to 
active work for the Society? 

3. What section has really met the 
challenge of education and its needs 
in its area? 


4. What section has brought recog- 
nition to the ISA in its areas suffi- 
cient to be regarded as The Organi- 
ization representing all the interests 
it professes to serve? 


I could go on, but you see the real 
challenge which you face in meet- 
ing the responsibilities which you 
have to the Society in the area 
served by your section. 


l, Have you the leadership in your 
section dedicated to serving the So- 
ciety’s objectives and to meeting its 
goals? 


2. Have you the proper perspective 
to meet this challenge? 


3. Have you a plan for positively 


reaching these goals in your sec- 
tion? 
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September 17. 








A JOB WELL DONE AND A GOOD JOB BEGUN. The ISA gavel, symbolic of the 
presidency of the Instrument Society of America is passed on from Dr. Robert 
J. Jeffries (right), 1957-58 president, to Henry C. Frost, our new president for 
1958-59, in an official bit of ceremony at the annual ISA banquet in Philadelphia, 








4. Has your section focused its at- 
tention on the proper goals to serve 
fully your responsibilities in your 
area? 


My report, as published in the 
September issue of the ISA Journal, 
outlines a program of specific ob- 
jectives which is part of a more com- 
plete program we have developed 
for the coming year. Many of these 
are to help sections meet their re- 
sponsibilities, use the committees 
and divisional units of the Society, 
and coordinate this work closely 
with the District Vice-Presidents. 
They will be working even more 
closely with you this year to help 
with your problems. 


Men of little vision who seek sat- 
isfaction through criticism of others 
cannot hope to accomplish this am- 
bitious program. But men who strive 
to keep their sights on the true goals 
and who face challenges with a defi- 


niteness of purpose should go far 


along the road toward their accom- 
plishment. To be successful, we must 
be a society with members, sections, 
committees, executive board and 
headquarters office united in com- 
mon purpose. As your president, I 
face this year with a deep sense of 
obligation to all of the members 
whom I shall serve. I can assure 
you no one part of the Society will 
have greater importance to me, and 
I shall be equally interested in the 
problems and progress of each of its 
units. I am satisfied that we ap- 
proach the new year with an Execu- 
tive Board dedicated in common 
purpose to meet these ambitious 
goals, and I hope that I may look 
forward to the complete and enthu- 
siastic support of the officers — yes, 
of each member in each section. In 
return, I can promise you the under- 
standing interest and help of all of 
us who can be of service to you to 
meet and overcome your problems. 





HIGHEST ISA HONOR — was 
awarded by the Instrument Society 
of America to member William G. 
Brombacher, former chief of the 
Mechanical and Aeronautical In- 
strument Section of the US Bureau 
of Standards, as part of the annual 
ISA banquet formalities. Past 
president Justus Vollbrecht (left) 
presented the plaque to Mr. 
Brombacher (right). 
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> PRESIDENT’S LETTER 


by Henry C. Frost, President, Instrument Society of America 
d b 7 


During the past few years, the So- 
ciety has made major changes in its 
organizational structure as a means 
of better serving the interests of its 
members. Vice-presidents were elec- 
ted to represent and serve each of 
ten districts on the Executive Board. 
At the same time, the program-mak- 
ing potential of the Society was in- 
creased by the addition of the In- 
dustries Department to supplement 
the efforts of the Technical Depart- 
ment. While the Technical Depart- 
ment had been organized along hor- 
izontal or functional lines, the In- 
dustries Department has been organ- 
ized along vertical or industry lines. 

Experience over the past two years 
has indicated that these changes will 
be beneficial to the Society. Certain 
of our District Vice-Presidents have 
completed a full term of two years. 
While they have learned about the 
many opportunities for service to 
members and sections, they have be- 
come keenly aware of the need for 
more effective coordination of their 
efforts with the chairmen of a num- 
ber of our committees and with the 
headquarters office. 

Operation of our Society in ac- 
cordance with the principles of line 
organization would dictate that such 
coordination should be effected by 
the president of the Society to whom 
all of the officers report. Many de- 
mands are imposed on the president 
of the Society which are over and 
above the responsibilities which he 
has as a consequence of his employ- 
ment. Hence, if some of this re- 
sponsibility can be delegated to 
others, his efforts can be extended 
to finding solutions to other pressing 
problems. The Executive Board has 
approved the appointment of an Ex- 
ecutive Assistant to the President 
who will be concerned with coordi- 
nating the activities of our District 
Vice-Presidents during the coming 
year. We are very fortunate to have 
Bill Kates of W. A. Kates Company, 
and a member of the Chicago Sec- 
tion, who served during this past 
year as Vice-President of District 
VI, serving in this capacity. The dis- 
trict vice-presidents will continue to 
report to the president as in the past, 
but the executive assistant will be 
working with the president, with the 
district vice-presidents, with the 
other officers and committee chair- 
men and with the headquarters Of- 
fice in more effectively coordinating 
this important work. 
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Toward Better Programs 


Another area where more effective 
coordination is needed is in our pro- 
gram planning. We have determined 
that we need to plan our programs 
earlier than we have in the past. 
Therefore, we expect to plan our 
programs for both 1959 and 1960 dur- 
ing the coming year. There are a 
number of different organizational 
units within the Society that contrib- 
ute to our technical programs. These 
include the Industries Department, 
the Technical Department, the 
Standards & Practices Department, 
the Education Committee and the 
Research & Development Commit- 
tee. In order that our programs may 
most effectively serve the needs of 
our members, we must make sure 
that our planning is properly and ef- 
fectively coordinated. Again line or- 
ganization principles would indicate 
that the president effect this coordi- 
nation, since the heads of these or- 
ganizational units report to the pres- 
ident. 

To assure that proper attention is 
given to this very important part of 
our work, the Executive Board has 
approved the appointment of a sec- 
ond Executive Assistant to the Presi- 
dent responsible for coordinating all 
program planning and other activi- 
ties associated with symposia and 
conferences. We are fortunate to 
have Dr. Ben W. Thomas of Texas 
Butadiene & Chemical Corporation, 
and a member of the Houston Sec- 
tion, to serve in this capacity. Ben 
brings to this job a long background 
of experience in technical society ac- 
tivities and a keen interest in just the 
sort of thing which we are trying to 
accomplish. 

Both of these men will be mem- 
bers of the Executive Board, and 
thus will have opportunity for con- 
sultation with the officers on prob- 
lems on which they are working. I 
am certain that the contributions of 
these two members will make it pos- 
sible for us to increase the effective- 
ness of the service of the Society to 
its members. 


Toward Better Education 
and Organization 


In past years, the President’s De- 
partment has included a number of 
committees which have added addi- 
tional requirements for coordination. 
These are all very important com- 





mittees and deserve the time of a 
officer who can devote more atte, 
tion to organizing and assisting them 
For this reason, the Execufjy 
Board has approved the change y 
the Education, Society Structure ay 
Planning, and Research & Develop. 
ment Committees to the Presiden 
elect-Secretary’s Department. (yp 
incoming President-elect-Secretay 
is peculiarly well qualified for » 
ordinating the work of the Edug. 
tion, and Research & Developme 
Committees, because of his past 
perience both in the Society and fy 
his employer. I am confident thy 
Jack Johnston will make a real cop. 
tribution to the Society in his wor 
with these committees. Since the % 
ciety Structure & Planning Commit 
tee works primarily on long-rang 
problems, it is reasonable that this 
committee should be in the Pres. 
dent-elect-Secretary’s Departments 
that he may have close contact wit 
the committee while it discusse 
those problems which the Society 
may face during the year he serve 
as president. 

Another important committee, th 
Exhibitors’ Advisory Committee, ha 
been transferred to the General Re 
lations Department where vice-pre- 
ident Sprague will have an oppor 
tunity to give the committee the a 
tention it deserves in its capacity d 
advising the Society concerning th 
exhibits which it sponsors. 

Now that it is apparent that w 
shall have the additional grades 
membership in the Society, we shal 
need still another committee in th 
President’s Department. This is th 
Admissions Committee. During it 
first year particularly, this commit 
tee will play a very important role 
Since its first obligation will be t 
undertake the problem of proceduré 
which, after approval by the Exec 
tive Board, will serve to establish th 
basis for implementing the gradé 
of membership program, the change 
which I have described above shoulé 
permit me to devote more time ® 
this important committee and to th 
many other opportunities which at 
always existent for advancing th 
Society’s causes, both in the eyes 
our members, and of others whol 
we should like to impress with th 
importance of what we are doilf 
I am hopeful that through thet 
means we shall be able to contintt 





the rapid advances which the %& 
ciety has made in the past few yeas 
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ISA R & D Committee 
Seeks New Name 


From out of its last two meetings 
at Colby Junior College, Vermont, 
July 28-August 1, and at the Sep- 
tember Conference 1n Philadelphia, 
comes an expression of dissatisfac- 
tion by the Research and Develop- 
ment Committee with its present 
title. The committee feels a need 
for a name indicating the wide 
society coverage that it stresses. 
Suggested are: “ISA sponsored Joint 
Committee on Research”; “Intersoci- 
ety Committee on Instrumentation”, 
and others. 

Task Group No. 1 chairman Paul 
Erlandson presented results of a 
questionnaire on suggested research 
projects mailed to R & D committee- 
men last April. He classed the 20 
replies into 9 categories, on the 
suitability of which the committee 
voted. Five of the suggestions were 
rated as too vague, too commercial 
or outside the field. It was obvious 
that better “ground rules” mailed 
with future questionnaires would 
elicit more and clearer answers. The 
list of suggested projects as now de- 
veloped will be used as bait to se- 
cure thoughtful answers from future 
respondents. 

Task Group No. 2 chairman Wal- 
do Kliever, told of results of his 
group’s questionnaire surveying re- 
search projects now in _ progress. 
Here the problem of proprietary in- 
terest was frequently met. Out of 
several criticisms by instrument 
manufacturers, two addendums to 
future questionnaires were suggest- 
ed: 1. that the specific aspect of the 
word “variable” should be made 
clear; 2. that the opportunity for 
anonymity should be provided. 

These task-group questionnaires 
are to be mailed to a new list of 
people suggested by R & D mem- 
bers and, to further expand the 
mailing, these new men will be 
asked to suggest additional names. 

The urgent need for new sources 
for abstracting and translating for- 
eign instrument-automation litera- 
ture was earnestly discussed. A 
great need exists for extended 
translations of research level infor- 
mation from German, French, Ital- 
lan and Japanese sources. An R & D 
Committee recommendation is made 
to ISA and other agencies that they 
expand their translation services into 
other languages. 

Progress reports on active projects 
were made: a. Research Project 
Proposals (Erlandson) b. Research 
Project Listings (Kliever) c. Instru- 
mentation R & D Conference (O’Day) 
d. Definitions (Lion) e. Literature 
(Wildhack) f. University Research 
(Shearer) g. Technical or Engineer- 
ing “Aides” (Slater) h. Basic Instru- 
mentation Texts (Iberall) i. Support 
a Research Projects (Ol- 
e 
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Dr. Ben W. Thomas 
Texas Butadiene & Chemical Co. 





EXECUTIVE ASSISTANTS. ISA’s Executive Board has appointed two executive 
assistants to help the president solve pressing Society problems. W. A. Kates, 
of our Chicago section will coordinate inter-district affairs; Dr. Thomas, 
Houston Section, is to assist in conference planning. 





W. A. Kates 


The W. A. Kates Co 








Medicine & Biology 
Committee Proposes 
Specialists Roster 


The Joint (Intersociety) Commit- 
tee on Medicine and Biology in its 
October 2nd meeting in Washing- 
ton, D. C., proposed the compilation 
of a roster of outstanding instru- 
ment engineers and scientists in its 
field. This committee is composed of 
representatives from IRE, AIEE and 
ISA. The ISA member on the Joint 
Committee, which annually stages 
the Conference on Electronic Tech- 
niques in Medicine and Biology, is 
Dr. Duncan A. Holaday. 


The proposed roster would include 
the accomplishments of listed per- 
sons in the field of medical elec- 
tronics. It would be compiled and 
maintained as an information source 
of great value, both to the Joint Com- 
mittee, and to many other related 
groups needing expert advice in this 
area of science and technology. Dup- 
lication with the existing lists by 
the National Register and the Amer- 
ican Men of Science would be avoid- 
ed. The proposed list would empha- 
size the location of expert know- 
how in the medical electronic-instru- 
mentation field. 


Conference Theme Announced 
The 1959 Conference on Electronic 


Techniques in Medicine and Biology 
will be held in Philadelphia under 


the chairmanship of Dr. Herman 
Schwan (IRE-AIEE). Its general 
theme will be “Radiation” with 


these subthemes. 
1. microwave 
2. dosimetry 
3. intermediate spectrum 


For the program of the 1958 meet- 
ing in Minneapolis, see Meetings 
Previews, page 135. 


Food Industry Division 
Plans Expansion Drive 


In its last two meetings of May 
28th in Chicago, and of September 
14th in Philadelphia, the need for 
and methods toward growth have 
challenged our ISA Food Industries 
Division, under chairman J. B. An- 
derson, H. J. Heinz Company, Pitts- 
burgh. 

The nine-man group has been 
struggling with an apparent lack of 
interest by Instrument Society of 
America members in food instru- 
mentation. However, the latest fig- 
ures derived from an ISA Journal 
subscriber questionnaire show at 
least 160 members who class them- 
selves as food-industry specialists. 

With this list as a core, the Food 
Division plans a drive to interest 
additional ISA members in food in- 
strumentation, and to attract to ISA 
membership the numerous other 
food-industry instrument men not 
now affiliated. 

To reach this latter group, major 
instrument companies will be con- 
tacted for food industry names, and 
the lists of food industry journals 
will be scanned, if available. 

Another discussed technique for 
interesting instrument engineers in 
the Food-Industry Division, was that 
of presenting at least one top-qual- 
ity paper per year to food technical 
people on a nationwide basis. One 
such attempt was the Annual ISA 
Conference Electronic Instrumenta- 
tion Session paper “Electronic Instru- 
ments for the Food Industry,” pre- 
sented at the recent Philadelphia 
meeting by W. S. Taylor and G. G. 
Moyer, of the Minneapolis Honey- 
well Regulator Company. 

A new Division member, welcom- 
ed at the May meeting, is Dr. Roy 
E. Morse. 
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Report on Council of National Delegates Meeting 
September 16, 1958, Philadelphia, Pennsylvania 


by Henry C. Frost, President 
Instrument Society of America 


Delegates from 68 of the 94 sec- 
tions in the Society were present at 
the Council of National Delegates 
Meeting which was held in Phila- 
delphia during the annual meeting 
of the Society in September. This 
represents 8,882 of 9,892 full mem- 
bers qualified to vote. 

President Jeffries opened the 
meeting by requesting a moment of 
silence in tribute to Major M. F. 
Behar, an honorary member of the 
ISA, who had made significant con- 
tributions to the growth of the So- 
ciety, particularly in its earlier 
years. Major Behar died in August. 

During the district council meet- 
ings held earlier that day, dele- 
gates from each of the even-num- 
bered districts had elected the fol- 
lowing vice-presidents to serve their 
districts for a term of two years, 
starting November 1, 1958. 


District Name Section 
II Charles Kohr Central 
Keystone 

IV George Kellner Niagara 
Frontier 

VI Glenn Brockett Omaha 
VIII John See Wichita 
xX Joseph Rogers Toronto 


The Nominating Committee, com- 
prising three members at large and 
a nominator from each of the ten 
districts under the chairmanship of 
Warren Brand, presented the slate 
of nominees listed in the box below, 
who were unanimously elected to 
terms starting on November 1, 1958. 

President Jeffries reported on 
progress made during the past year 
by the Society in the many areas 
in which it operates. He credited 
officers and other members for con- 
tributions made to Society progress 
during the year. He stated his grati- 
fication for the common enthusiasm 
and the desire on the part of all to 
see the Society forge ahead in the 
ambitious program set forth at the 
beginning of the year. He recom- 
mended that the delegates read his 
report covering in greater detail the 
progress in many specific areas, 
which was published in the Septem- 


ber issue of the ISA JOURNAL. 
Finally, based on his experience 
over the past several years in the 
Society, he commented on areas of 
operation which require improve- 
ment, suggesting how these im- 
provements might be effected. He 
suggested that the Society’s educa- 
tion program needed to be expand- 
ed. He pointed out subject areas 
where our present program-making 
bodies had not met the need, while 
at the same time recognizing that 
our expanded organization was just 
getting off to a good start. He em- 
phasized that the Society should al- 
ways keep in clear focus its central 
objective to disseminate information 
on instrumentation technology, and 
that any funds raised by the Society 
should be expended in the most ef- 
fective manner to accomplish this 
objective. He was given a rising vote 
of thanks by the Council of Dele- 
gates for the excellent service which 
he has rendered to the Society. 


Treasurer Hudson described in 
some detail the financial status of 
the Society. He indicated that the 
recession which occured this year 
had affected the income of the So- 
ciety, but that it had been possible 
to conduct the business operations 
in a manner which made it appar- 
ent that we would have a small sur- 
plus for the year. Information in 
considerable detail had been circu- 
lated to the delegates prior to the 
council meeting reporting on the fi- 
nancial status of the Society and the 
budget which had been adopted for 
the fiscal year, 1958-1959. Also, this 
budget had been compared with the 
budget for the previous year. The 
delegates were appreciative of the 
steps taken by the Treasurer and the 
Finance Committee to better inform 
the delegates of financial matters of 
importance to them. 

President-elect Frost described 
plans adopted by the incoming Ex- 
ecutive Board for the year 1958-59. 
He expressed appreciation for the 
opportunity to make a contribution to 
an organization as important as the 
ISA. He indicated that he felt a 
deep sense of obligation in trying to 
follow in the footsteps of the illus- 





Office 
President-Elect-Secretary 
Treasurer 
Vice-President, Techn]. Dept. 
Vice-President, Standards 

& Practices Departmen: 





*Elected to a three-year term, of which the first year is as President-elect-Secretary, 
the second year as President, and the third year as Past President. 


Name Term 

John Johnston, Jr. 1 Year* 
Howard W. Hudson 2 Years 
Thomas C. Wherry 2 Years 


Glenn C. Gallagher 2 Years 
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trious past presidents of the y 
ciety. As a means of assuring thy 
the most important problems woy; 
be attacked during the coming yey 
he had prepared a detailed list of y, 
jectives with assignments and dats 
for completion which had been gj 
cussed in detail with the member, 
the incoming Executive Board, } 
board had enthusiastically adopty 
these objectives as being of majp 
importance to the Society, a 
pledged its support of efforts , 
achieve these objectives during & 
coming year. Frost indicated that) 
had reported to the Society in soy 
detail on these objectives in the 
tember issue of the ISA JOURNAL 
He suggested that delegates famj. 
iarize themselves with these obje 
tives through their perusal of th 
report. In particular, he emphasix 
that the Society was going to make, 
major effort to more effectively wy 
lize its committee and divisioy 
structure as a means of providiy 
benefits through its sections and ¢ 
rectly to its members. He pointed @ 
certain steps already being plann¢ 
to effect these benefits. 

The major consideration of ty 
delegates was the grades of membe. 
ship program, so much discussed} 
the past two years. Since the & 
tober ISA Journal fully report 
council discussions on this subjet 
no further report is made here. Te 
council took two specific action 
1. The constitutional amendmen 
effecting grades of memberh 
changes will be submitted by mi 
to Society members for ratificatio 
within 30 days after the count 
meeting; those votes returned wilt 
in 30 days will determine the acti 
taken on these amendments. 2. Te 
council approved certain byla 
changes to be effective if and whe 
the members’ votes ratify the grate 
of membership changes. These 
law changes are needed to effet 
the change of membership prograt 
The delegates, representing ové 
95 percent of membership, vole 
overwhelmingly in favor of the 
constitution and bylaw changes. 

The meeting was opened to @& 
cussion from the floor on any § 
jects which the delegates might 
to bring before the meeting, and! 
number raised questions which we 
answered by the president or offité 
of the Society. In other cases, § 
gestions were made for impr 
ment of the services rendered by ® 
Society to its sections and memb@ 
There seemed to be satisfaction 
progress being made by the Soci 
in its efforts to better serve all ti 
who need its benefits. 
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MEETING PREVIEWS 
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IMA Symposium Solicits Authors 


The ISA 1959 Fifth Annual Sym- 
posium of Instrumental Methods of 
Analysis, sponsored by our Analy- 
sis Instrumentation Division, will 
be held at the Shamrock-Hilton 
Hotel, Houston, Texas, May 18-20, 
1959. Dr. J. D. Lindsay, Head of 
Texas Agricultural & Mechanical 
College’s Chemical Engineering De- 
partment will keynote the Sympo- 
sium theme “New Techniques in 
Analytical Instrumentation for La- 
boratories and for Processing 


Plants.” 

Program Topics are: 

Keynote Session, May 19, 1959. 
Economics of Instrumental Analy- 
sis 
Electrochemical 
alysis 
New Approaches to Instrumental 
Analysis 
Advances in Chromatography The- 
ory 
Analysis Instrumentation in 
Oceanography 


Methods of An- 


Analysis Instrumentation and 
Computer Control 


Iron & Steel 
Conference Adopts 
Home-Town Slogan 


President Ben Fogleman of the 
Pittsburgh Section advises that 
“Gateway to the Future” — theme 
for the 1959 Bicentennial Celebra- 
tion by the city of Pittsburgh — has 
been adapted also by the ninth An- 
nual Iron and Steel Instrumen- 
tation Conference to be held March 
1] and 12 at the Pick-Roosevelt Hotel, 
Pittsburgh. The conference this 
season will be sponsored jointly by 
the Pittsburgh Section and the ISA 
national Metals and Ceramics Divi- 
sion. The I & S conference will be- 
come Part of the bicentennial cele- 
bration and will be listed in the sci- 
ence program calendar of the bi- 
centennial year. 
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Technical Sessions, May 19, 1959 
Instrumentation for Chemical 
Methods of Analysis 
Instrumentation for Optical Meth- 
ods of Analysis 
Instrumentation for Physical Meth- 
ods of Analysis 
New Design Techniques in Proc- 
ess Analysis Instruments 


Unique Laboratory Instruments 
for Analysis 
Technical Sessions, May 20, 1959 


Process Chromatography 

Nuclear Magnetic Resonance and 
Electron Paramagnetic Resonance 
Radiation in Analysis Instrumen- 
tation X-ray and Microwave Spec- 
troscopy 


Contributors desiring to present 
papers please send title and three 
copies of a 100-word abstract to M. 
D. Weiss, Program Chairman, Spe- 
cial Instrumentation Division, Un- 
ion Carbide Olefins Company, 
South Charleston, West Virginia. Fi- 
nal deadline for submission of in- 
tent, February 15, 1959. However, 
program will be closed as soon as 
enough papers are received to com- 
plete each session. 


Errors-Reliability 
Concern Computer 
Conference 


Many sessions and papers at the 
Eastern Joint Computer Conference, 
coming up December 3 to 5, will con- 
cern reliability and errors. Confer- 
ence will be held at Philadelphia’s 
Bellevue Stratford Hotel. 

Some topics interesting to instru- 
mentmen: Reliability of Data Proc- 
essors; Automatic Error Correction; 
Systems Approach to Reliability; 
System Evaluation by Simulation; 
Computer Design by Simulation; 
General Purpose, Real-Time Com- 
puters; Performance Advances in 
Transistorized Computer. For regis- 
trations contact W. E. Bradley, Phil- 
co Corp., G & I Div., Philadelphia 
44, Pa. 


ISA Session 
at AAAS 
Winter Meeting 


The Physical & Mechanical Meas- 
urements Division of ISA’s Technical 
Department has programed an im- 
portant session for presentation at 
the Winter Meeting of the American 
Association for the Advancement of 
Science on December 30, 1958, in 
Washington, D. C. The technical ses- 
sion, “Instrumentation of Precision 
Measurement” is particularly timely 
as we enter the “Space Atomic Age”. 
The demands of missile guidance 
systems, mass-production of recent- 
ly-developed military equipment, 
and manufacture of nuclear power 
plants have underlined the necessity 
for generally improving the accur- 
acy of scientific measurement. 


To this end, O. L. Linebrink of 
Battelle Memorial Institute and ISA 
Division Director has arranged for 
the following papers: 


1. “Precision Length Measurement,” 
by W. J. Darmody, Technical Execu- 
tive Assistant of the Sheffield Cor- 
poration. 


2. “Precision Mass Measurement’’, 
by Mr. Macurdy, National Bureau of 
Standards. 


3. “Precision Distance Measure- 
ment”, covering the pile settlement 
at the three bev accelerator at 
Princeton, by Prof. Sumner B. Irish, 
Princeton University School of En- 
gineering. 


Global Computer 
Conference Slated 


The technical societies of the Unit- 
ed States have been invited by 
UNESCO (United Nations Educa- 
tional, Scientific, and Cultural Or- 
ganization) to participate in a global 
computer conference in Paris, 
France, June 13-22, 1959. 


The First International Conference 
on Information Processing will in- 
clude technical papers, symposia, or- 
al surveys of work in each country, 


technical equipment presentations, 
and a major technical equipment 
exhibit. 


For further information, authors, 
exhibitors and attendees please con- 
tact the United States Committee for 
the First International Conference on 
Information Processings, Box 4999, 
Washington, D. C. 
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SECTION NEWS 





ISA Educational Projects Serve Countrywide Needs 


This is the time of year when ISA 
sections across the continent are an- 
nouncing their annual program plans. 
Evident this fall is that ISA sections, 
more than ever before, will serve the 
instrumentation education of their geo- 
graphical areas with better and broader 
programs. 

ISAJ reports somewhat at length on 
these plans so that the techniques for 
clinics and classes, developed to work- 
ability by older, more experienced sec- 
tions, can be passed along as an inspira- 
tion and guide to the smaller and newer 
sections. And, to continue such reporting, 
ISAJ earnestly requests periodic pro- 
gress reports and photos of section ed- 
ucation in action. Address reports to De- 
partment Editor, ISA Journal. 


Niagara Frontier Section 

A 15-week course in “PROCESS CON- 
TROL ENGINEERING”, co-sponsored by 
the American Institute of Chemical En- 
gineers and the Instrument Society of 
America will be held on Monday even- 
ings, beginning September 29, 1958 at the 
Highland Elementary School, City of 
Tonawanda, New York. Classes will run 
from 7:30 to 9:45 p.m. 

Process Control Engineering covers the 
theory required to properly apply auto- 
matic control equipment to chemical pro- 
cesses. Both the instrument engineer and 
the process engineer feel a real need fo 
specific know-how on the full utilization 
of available equipment. To help fill this 
need, ISA and the AIChE have assembled 


a group of experts to present not only 
basic principles, but also the application 
of these principles to unit operations, 
such as distillation, evaporation, and gas 
compression. Analytical instruments, dy- 
namic analysis, and the theoretical as- 
pects of valves will be covered. 

The fee for the course is $10.00, and 
is due at the first meeting. The course 
is open to everyone. A booklet summariz- 
ing the course will be given to each 
student after the end of the course. Since 
the class is limited to 225, please regis- 
ter at once by phoning Victoria 1600, 
Ext. 664. 


Central New York Section 

The Central New York Section in co- 
operation with the Adult Education Pro- 
gram again is sponsoring a course in in- 
struments and controls at H. W. Smith 
Technical High School, Syracuse. It is 
designed for industrial and _ laboratory 
technicians, but should be helpful to the 
engineer and scientist who desires to have 
a good knowledge of the fundamentals of 
electric measurements and their uses. 
Anyone interested can register at the 
school on Wednesday evening. Classes 
have begun, but late registrations are 
being encouraged. 

Instructor: Robert G. Quick and special 
guest lecturers; Sessions: twenty classes 
6:40 p.m. Wednesdays. 

This basic course in instrumentation 
is designed for the maintenance techni- 
cian and operating personnel of indust- 
rial plants and labortories. It is prepared 





This is a Houston ISA Section sponsored instrumentation class at Lee College, 
Baytown. Standing in rear of classroom are (left to right): Walter Rundel, Dean 
of Lee College; J. T. Swint, a visitor from Humble Oil Company; Wesley F. 
Mueller, Director of Vocational Education, Lee College; and Herbert J. Cannon, 
course instructor. 
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for the student with a background 

high school math and physics. 

Lessons: 

1. Introduction to electrical instrume, 
tation 

2. Basic electrical measurements 

3. Potentiometer instruments 

4. Thermoelectric effects 

5. Transducers based on resistance 

6. Other transducers 

7. Oscilloscope principles 

8. Oscillograph 

9. Digital counter instruments 

10. Nuclear instruments 

11. Optical instruments 

12. Telemetering 

13. Measurement of temperature 

14. Flow measurements 

15. Pressure measurements 

16. Time and frequency measurements 

17. Special measuring instruments 

18. Review of basic instruments 

19. Review of measurements 

20. Final examination with discussion 


Houston Section 

The wide-awake Houston section in th 
big, big state of Texas, in order to sem 
their geographic area, has been forced 
offer courses in two locations. The succes 
of their last year’s education program } 
shown in photo form, this page. 


Lee College, Baytown, Texas 
1. Basic Principles of Instrumentation fe 
Mechanics. Entrance Requirement- 
High school education. 7:00 to 10:00 pm 
Monday, starting September 22, 1958. 
2. Instrumentation for Engineers. Et 
trance Requirements B.S. Degree o 
equivalent. 7:00 to 10:00 p.m., Wednesday 
starting September 24, 1958. 

The cost for each course for resident 
of the Junior College District will be 
$22.50, of which $5.00 is a returnable lib 
rary deposit. For residents of the slatt 
who are not residents of the district ther 
is an additional charge of $9.75. Ead 
course will extend through 18 weeks ane 
include 54 hours of class instruction. 

Ihe instructor is H. J. Cannon, no¥ 
employed as an Instrument Engineer with 
the Shell Oil Company, who has had 
considerable experience on both plat 
control instrumentation and quality ot 


trol analyzers 


Pasadena H. S., Pasadena, Texas 


1. Basic Instrumentation for Mechanié 
Entrance Requirements High schodl 
education, employed in instrumentatio 





or related field. 


ISA Journal 





eds 


kground y 


be 
instrume, 


nts 


stance 


Ss 


ements 
its 
S 


‘ussion 


on in the 
* to sere 
forced t 
1e SUCCES 
ogram is 


as 

ation for 
ements- 
00 p.m 
158, 

rs. Ep 
gree OF 
Inesday 


esident’ 
will be 
ble lib 
e stale 
t there 





Each 
ks and 
n. 

1, now 
“with 
is had 

plant 
y Cot 


ania. 
choo! 
tation 





irnal 





start Monday, October 6, 1958. 7:00 to 
10:00 p.m. Cost $10.00 to $12.00, text 
included. Cost depends on enrollment 
sfinimum 12, Maximum 20. Course length 


40 hours. 
9 Instruments and Principles of Process 
Control for Engineers. Entrance Require- 
ments — B. S. Degree or equivalent and 
employment as instrument engineer or 
related position. Start Tuesday, October 
14, 1958. 7:00 to 10:00 p.m. 

Enrollment expected to require 2 sep 
arate classes — Minimum 12, Maximum 20 
each. Course length 54 hours. Cost about 
$25.00, text included. 

Instructors: Emory M. Davis, Super- 
visor of Inst. & Elect. Development Shell 
Farrington, 


Chemical Corp., Cecil G. 
Chief Instrument Engineer, Shell Oil 
Company. 


Cleveland Section 

Something new has been added by the 
Cleveland Education Committee as they 
announce a new course at Fenn College 
Technical Institute. The course, “Instru- 
mentation Analysis”, will deal with the 
theory and mathematics encountered in 
applying industrial measuring  instru- 
ments. Junior engineers, and instrument 
technicians who have had algebra, geo- 
metry, trigonometry, and either physics or 
chemistry, are eligible to register. 


As in previous years, the Cleveland 
Section is supplying instructors to the 
Institute for the courses Basic Instru- 
mentation I and III. Courses II and IV 
will be offered in the Spring Semester. 


Columbus Section 


The Columbus, Ohio, Section Educat- 
ional Committee has made arrangements 
to offer a refresher mathematics course 
entitled “Fundamental Math”. Topics to 
be discussed are: Elements of Algebra, 
Algebraic Technique, Formulations, Equa- 
tions, Logarithms, and Preview of Tri- 
gonometry. 


The cost will be $10.00, plus text book, 
or $13.50 total. Meetings will be every 
Thursday night from 8 p.m. to 10 p.m. 
from October 9th through December 18. 


First meeting was held in room 7214 at 
Battelle Memorial Institute, at 8 p.m. 
Phursday, October 9. Watch for signs at 
parking lot entrance, King Ave. & Tisdale 
St. Enrollment will be limited to the first 
25 persons registering. 


New Jersey Section 


One of the most ambitious schedules of 
section education is the three phase pro- 
gram of our New Jersey Section. 

Fall Course: Electronics Hardware. Twelve 
weekly meetings, Wednesday ev enings Oct 
ober 15th through January 2Ist. Loca- 
tions to be announced. Circuits of selected 
instruments and controls will be analyzed 
by qualified personnel from various com 
panies. The course is designed to be a 
sequel to the ELEMENTARY ELEC- 
FRONICS courses given under ISA spon- 
sorship during the past two years. Prefer- 
ence will be given those who attended 
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Engineer Al Marston at Consolidated Electrodynamics Corporation describes 
automatic data-recording and monitoring system that will be used to acquire 
and process data from rocket and jet engines to members of the Los Angeles 
Section, Instrument Society of America, during recent ISA visit to CEC’s Trans- 
ducer and System divisions in Monrovia, California. 


either year’s course. However, 
versed in basic electronics may apply. Six 
subjects will be covered: Potentiometer 
Servo Amplifiers, Controllers, Electronic 
Counters, Photoelectric Amplifiers, Ca- 
pacitors, Motor-Speed Controllers. ISA 
Certificate. 

Seminar Study Groups. Fach group will 
meet at the time and place of its own 
choice. Each participant will be expected 
to contribute by preparing course ma- 
terial and by leading the discussion for 
one or more meetings. Contact the sec- 
tion for further information. 


Advanced Frequency Response. A_con- 
tinuation of the ISA course of 57-58. 
This 
processes. 
group. Possibilities are Laplace Trans 
formations, Mathematical Criteria for 
Stability, Functions of 
Commercial Pneumatic and_ Electronic 
Equipment, etc.—M. Maxwell at Colgate 
Palmolive Co., 300 Park Ave. N. Y 


pertains to control of industrial 


Topics to be selected by the 


Loop Transfer 


PLaza 1-1200 X572 will supply further 
information. ISA Certificate 
Statistical Methods. Design of Experi 


ments, Interpretation of Data, Reliability 
of Results, etc.—Contact R. E. Denzler at 
Colgate-Palmolive Co., R&D Dept., 105 
Hudson St., Jersey City, N. J.—HEnderson 
4-1300 X355 for further information. ISA 
Certificate. 

Spring Course: Transistors. Applications 
will be taken in January °59 for this ele 
mentary RCA 
Institutes—350 West 4th Street, New York. 
—Twelve weekly sessions beginning March 
'59. Topics are: Historical Development, 
Elementary Atomic Theory, Holes and 
Electrons, P-N Junction, Introductions to 
Para- 


course given at and by 


Characteristics and 
Amplifier Circuits, Equiva 


Iransistors, 
meters, Basic 


anvone 


lent Circuit, Audio Voltage Amplifiers, 
RF Voltage Amplifiers, Power Amplifiers, 
Oscillators, Complete Receivers, Testing 
and Trouble-shooting. RCA Certificate. 
By participating under ISA sponsorship 
you will save $17 of the $20 matriculation 
fee required by the school, provided suf- 
ficient enrollment is reached. Total cost 
$38.00. 


Philadelphia Section 


Section Education 
Committee Plans a_twelve-week Flow 
Measurements Course (with a few places 
still open) to be given by L. John Seifert 
at Mastbaum Vocational School beginning 
Monday, September 22nd, at 7 p.m. 


The Philadelphia 


Beginning in February, two courses — 
Analysis Instruments; and Selection, Ap- 
plication, and Installation of Instruments 

will be taught by F. C. Snowden and 
Werner Jung, respectively, at Temple 
University Technical _ Institute Full 
credit will be given by the Institute to 
those completing the courses. 


Fight outstanding Shirtsleeve 


Maintenance Clinics have been = an- 
They are held at Spring Garden 


more 


nounced 
Institute or at an instrument factory 


Wayne County Section 


The Wayne County (Michigan) Sec 
tion’s Training Program got under way 
Monday, October 6th at 7:30 p.m. in room 
210 of the Roosevelt High School, Wyan- 
dotte. Classes thereafter are to be held on 
the Ist and 4th Mondays of each month. 


Stillings, Service Engineer fo1 
the Leeds & Northrup Co., conducted the 
first class. His subject: “General Elec 
Applied to the Field of In 
Free—Non 


Randy 


tronics as 
strumentation” Admission 


members welcome 
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ATLANTA: Irving Walker Forde 


BALTIMORE: Ralph Marsh Austin, Ovil 
Lee Bolling, Edward A. Burkhardt, 
Walter Rhodes Clark, Larry J. Day, C. 
S. Bailey Freese, Donald Alfred Nick- 
say, Howard T. Orville, Lindsey N. Rip- 
ley, Jr., Eugene J. Roscoe, Edward 
Yurcisin 

BIRMINGHAM: Wilbur F. Aaron, Jr., 
Luther Wayne Guice, John G. Wil- 
loughby, Jr. 

BOSTON: Alexander D. Lawson, Jr. 


CENTRAL KEYSTONE: W. E. Alexander, 
Jr., John D. Criss, Willeam F. Lehn, 
Bobbie L. Perez 

CENTRAL NEW YORK: William A. 
Burns 

CHICAGO: Joseph A. Gump, Jr., Jack 
Warren Harvey, Robert J. Hughes, 
Lawrence Thomas Mencke, Warren 
Jerry Sutherland 


CINCINNATI: Sherman Lewis’ Cross, 
George Hall Drysdale, John Frank- 
lin Getha 


CLEVELAND: F. B. Fuller, Willard Carl 
Hays, Joseph W. Raftry, Robert Roy 
Walker, Larry S. Winston 

DETROIT: Earl Walter De Hayes, James 
W. Henderson, Irvin D. Hill, Joseph 
Louis Le May, Donald A. Lubowicki, 
Howard Wayne McKenna, Carl Sivec, 
Wilbur S. Stoltz 

EASTERN NEW YORK: James J. Bar- 
ber, William T. Conway, Walter Frank 
Hupala, Warren RF. Langdon 

FAIRFIELD COUNTY: Richard William 
Rhyins 

FOUR CORNERS: James A. Logan, Les- 
lie Norman Smith 

GREAT SALT LAKE: James Reed Bell, 
William A. Cox, Thomas G. Steinmetz 


HOUSTON: Paul Vernon Allen, Jack R. 
Babbitt, Melvin C. Bowling, John H. 
Gibbs, Eric Harris Stevens, Frank 
Malcolm Stribling, Lawrence [. Wil- 
liams, Jr. 

INDIANAPOLIS: Robert A. Suckow 

JACKSONVILLE: Ridgely ic. Bowen, 
John E. Drago, John W. Lawson, 
Frank D. Lupato, Francis Leo Murray, 
Jr., William H. Orren. George E. Sapp 


> ISA PERSONAL NOTES 


John F. O’Holloran is expanding his 
sales organization on the west coast. 
Edward H. Daw of Santa Clara Sec- 
tion will head the new Northern 
California branch at Palo Alto, and 
Carl Sutliff will be staff engineer. 


Brown Instruments Division of 
Minneapolis - Honeywell announces 
appointment of six new market 
managers: Jack T. Teed, petroleum; 
Joseph F. Horner, metals production 
and ceramics; William S. Taylor, 
food; George W. McKnight, utilities; 





Jack T. Teed 
M-H 


Joseph F. Horner 
M-H 
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> NEW MEMBERS 











LOS ANGELES: Norman B. Garnett, Sey- 
mour Lieberman, G. Robert Massey, 
Peter Nooteboom, Robert Roy Ran- 
dall, Frank Clayton Stevens 

MEMPHIS: Ed. E. Scott 

MILWAUKEE: William John Bach 

MOJAVE DESERT: George A. Srown, 
John L. Brown, Al R. Chiles, Carter 
Robertson Lewis, Samuel Burson Le- 
wis, Salvador D. Martinez, John P. 
Meyer, Donald R. O’Bell, James Ed- 
ward Sanders, Gene Arthur Shuler, 
Earl B. Whisenant 

MONTREAL: Charles William Rowe 

NEW JERSEY: Donald L. Alfred, Robert 
David Iger, Raymond A. Kubick, Jr., 
David Lyle, Ernest Sidney Mehnert, 
Harold Henry Mitchler, Vincent An- 
thony Riggio, William Robert Wood- 


ruff 

NEW YORK: William F. Fantone, Jr., Har- 
old Glasser, David Garber Hollister, 
Theodore W. Leverett, David S. Moore 

NORTH TEXAS: Wendell L. Hale, F. P. 
Naber 

NORTHERN CALIFORNIA: Phillip R. 
Bose, W. E. Bushnell, Matthew Tenny 


Campbell, G. Donald Freeman, Ed- 
win F. McLaughlin, John Leonard 
Riehl! 


NORTHERN INDIANA: Burl W. Biggs, 
Dee E. Kasson 

OAK RIDGE: Turner F. Dunlap, George 
H. Grant 

OGLETHORPE: Young T. Allen 

PANHANDLE: Paul Bennett 

PERMIAN BASIN: Glen B. White 

PHILADELPHIA: Paul G. Casner, Jr., 
Ward F. Cator, Robert E. Chuckran, 
Kenneth A. Fegley, George D. Fowle, 
Jr., Richard Immell Gruber, Richard 
P. Homiller, Joseph F. Hornor, Earl 
M. Pollock, George E. Shaffer, Jr., 
Robert Chapin Smith, Edward Richard 
Stroik, Edward C. Zwicker, III 

PITTSBURGH: George Leonard Heaton 

ROCHESTER: Alfred Edward Brooks, Har- 
vey A. Klumb 

SABINE NECHES: George D. Beauchamp, 
joe F. Meek, 

SAN DIEGO: Stanley Richard Hirsch, Les- 
lie Orean Jones, John F. Lutnick 


SAN FERNANDO VALLEY: Jo 
McLaurin - Josep 

SANTA CLARA: Jan J. Hartog, Jerry 
Havill, John E. Miller, Russel) = 
Palmer, Jr., David D. Reiter Edwan 
L. Woodhams , ard 

SARNIA: Eric L. Callowhill, J 
Farrell, John R. Graham — 

ST. LOUIS: George Robert Adams Wil 
liam Marvin Clark, Kenneth A. Cook 
Richard Samuel Holmes, Robert 4 
Miller, Darwin A. Novak, Jr., Donaij 
T. Stafford 

SEATTLE: Robert M. Codlin, Robert ¢ 
Gallagher, Marion A. Peck, Burt ¢ 
Porter 

SOUTH TEXAS: Lamar C. Winebrenne 

TAMPA BAY: William E. Bloss, Ben 8 
Corvette, Jr., Francis A. Depollier — 

TIDEWATER-VIRGINIA: Richard p 
Douglas 

TOLEDO: John Scott Lavender, Jr. 

TORONTO: John W. Davies, Ronald 7 
Maskell, F. C. D. Wilkes, Jr. 

TULSA: Glenn Henry Bryant, Robert 1 
Combs, Bob M. McCraw 

TWIN CITY: Robert L. Fetter 

VANCOUVER: Ernest R. Dallas, Kenneth 
Kirkby, Ernest Milgram, Henry ¢ 
Miller, Elmer G. Spicer, Colin ¢ 
Sutherland 

WASHINGTON: William C. Irvine, Mz. 
rice Kenneth Krueger, Herbert ¢ 
Vivell, Sidney F. Williams, Jr., Charis 
Russell Yokley 

WAYNE COUNTY: Harold J. Oberding 
Gilbert O. Rist, Robert L. Smith 

WESTERN MASSACHUSETTS: Charles ] 
Colligan, Edward D. Konicki, Karl kK 
Mahaffey, Thomas Russell Ohl 
Mitchell A. Sroka / 

WICHITA: Victor L. Koirtyohann, J. Wi. 
liam Rieg 

WILMINGTON: Robert F. Hesterberg 
Jerome C. Sekerke, William H. Sta. 
ford 

FOREIGN MEMBERS: Mario  Cossam, 
Henri J. Deheer, Luiz G. Mablheires 
Giorgio Sonino 

MEMBER-AT-LARGE: Jack Atnip, Wi- 
liam J. Felmlee, Willis F. Hickes, Cle 
tus Charles Kanavy, Irving Karmn 
Rodney B. Lundy, James P. Master 
son, Jr., William Nelson Woodard 





John B. Moxness, pyrometer supplies 
and accessories; and Charles W. 
Wilkins, laboratory and test instru- 
mentation. All will headquarter in 
Philadelphia. See photos below. 


Robert L. Johnson will head the 
new Jacksonville, Florida sales office 
of W. D. Taulman & Associates of 
Atlanta, Ga., recently appointed ex- 
clusive sales reps. for B-I-F Indus- 
tries and its divisions — Builders- 
Providence, Proportioneers, and 
Omega Machine. 


William S. Taylor 
M-H 


George W. McKnight 
M-H 





Max D. Listen, founder of Liston 
Becker, has been appointed as diret- 
tor of engineering to serve on an et 
larged corporate staff of Beckman 
Instruments. Beckman recently a 
quired Liston-Becker. 


WacLine announces that R. Et 
ward Stemm, a member of the 
Chicago Section, will represent them 
in 5 midwestern states with head 
quarters at 5681 West Lake Street, 
Chicago. 

(Please Turn to Page 140) 





Charles W. Wilkins 
M-H M-H 


John B. Moxness 
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MISSILE CHECK-OUT 


TEST STAND 
OPERATION 


WIND TUNNEL 
INSTRUMENTATION 


TELEMETRY 
DATA REDUCTION 














The RW-3800 

is the first 

digital computer 
for test control 
and data reduction 





Now—at the test site—completely automatic test control and data 
reduction can be handled by a single system incorporating the 
Ramo-Wooldridge RW-300 Digital Control Computer. The new RW-300 
can schedule and closely control test routines, and it can collect, 
analyze, and record test data. 


The versatile RW-300 utilizes input data as feedback to modify control 
actions, thus substantially shortening many test routines. In addition, the 
RW-300 directly logs both instrument data and complex relationships 
among these data. Thus, test results are available immediately. The 
time-consuming task of processing raw data through a separate computer, 
often remote from the test facility, usually can be eliminated. 


For technical information on automatic test control and data reduction 
with the RW-300 and with special digital systems which utilize solid-state 
components exclusively, write: Director of Marketing, The 
Thompson-Ramo-Wooldridge Products Company, P.O. Box 45607, 
Airport Station, Los Angeles 45, California, or call OSborne 5-4601. 


THE THOMPSON-RAMO-WOOLDRIDGE PRODUCTS COMPANY 
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TRANS-SONICS 


TM. 


LARGEST MANUFACTURER OF TRANSDUCERS FOR TELEMETERING 





introduces 


TYPE 78 
PRESSURE POTENTIOMETERS 


FOR TELEMETERING AND CONTROL APPLICATIONS 






shown ¥% size 


@ COMPACT — LIGHT — ONLY 6 OUNCES 


OUTSTANDING ENVIRONMENTAL PERFORMANCE 


@ HERMETICALLY SEALED MECHANISM 


@ STAINLESS STEEL CONSTRUCTION 











Type 78 Pressure Potentiometers feature accurate and re- 
liable performance under severe environmental conditions: 


Sinusoidal Vibration: 1” da, 2 to 22 cps; 25 g, 22 


to 2000 cps 
Random Gaussian Vibration: 0.1 g?/cps, 15 to 
2000 cps 


Sustained Acceleration: 50 g on any axis 

Mechanical Shock: 30 g on any axis 

Operating Temperature: —65 F to +160 F with 
minimum change in output 


Hermetic sealing protects entire mechanism against sand 
and dust, humidity, salt spray, fungus, and the fluid being 
measured. Unit has welded stainless-steel case, is 1%” 
diameter by 1%” long, weighs only 6 ounces. Standard 
ranges are 0-15, 0-25, and 0-50 psia; other ranges available. 


Write to Trans-Sonics, Inc., Dept. 16, Burlington, Mass., 
for further information on Type 78 Pressure Potentiometers. 


TRANS-SONICS 


Precision Wansducows 


For More Data CIRCLE 42 on Inquiry Card 
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(Continued from Page 138) 


Space Electronics Corporati 
Glendale, California welcomes 
member W. R. Hughes as head gf 
engineering. Prior he was 
Ramo Wooldridge Space Tech Labs 
in charge of USAF Missile instry. 
mentation. 


Douglas E. Kellogg is the ney 
sales manager for Precision Equip. 
ment Co. in Danburry, Conn, 
was formerly with the Bristol ¢% 
and is a member of the Conn, Valley 
Section. 


Northeastern Engineering, Map. 
chester, N.H., announces appoint. 
ment of two representatives, Bij 
Bartleson will be at 330 Oak Driv 
Minneapolis 3, Minn., to cover the 
North Central states and H. P, (9. 
lins, will be at 317 W. Forsyth & 
in Jacksonville 2, Florida to cove 
the Southeastern states. 


Arthur H. Lynch of the Tamp 
Section was a special guest at, 
dinner given in honor of Dr. Lee & 
Forest in New York on Oct. 10th 
Dr. de Forest was the recipient of 
first ISA Citation Award at Los An. 
geles in Sept. 1955. 


Connecticut Valley member Joseph 
V. Rosetta, Jr. has been named sale 
manager for the new Hartford office 
of Instrument Associates, mani- 
facturers reps. in New England. 


Lawrence R. Teeple (photo) ha 
moved up at Beckman & Whittey, 
Inc., San Carlos, California, to be 
come manager of camera products 
He is a member of the Santa Clan 
Section. 


Lee E. Cuckler (photo), a member 
of the Philadelphia Section, has been 
appointed district sales manager 0 
Aeronautical and Instrument Div- 
sion of Robertshaw-Fulton. With 
offices at 22 Hadden Avenue, Cail: 
den, N. J., he will be responsible for 
northeastern US sales. 








Lawrence R. Teeple Lee E. Cuckler 
Beckman & Whitney Robertshaw-Fulton 


ISA Journal 
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Joseph L. Weis William G. Hamilton, Jr. 
General Communication American Meter 


Boston Section member Joseph L. 
Weis (photo) has been named direc- 
tor of engineering marketing for 
General Communication Co. He will 
also coordinate engineering sales at 
Niforge Engineered Castings and 
Jansky & Bailey, both owned by 


GCC. 


William G. Hamilton, Jr. (photo) 
President of American Meter Co. 
and member of the Philadelphia 
Section was elected a Director of 
the American Gas Association at 
Oct. 13th meeting in Atlantic City. 


U. S. Gauge announces appoint- 
ment of Whitson Engineering Co., 
Dallas, Texas as a master distributor. 
The new firm is headed by Leo E. 
Whitson a member of ISA and form- 
erly at USG home office. 


Varian Associates announces ele- 
vation of Richard M. Whitehorn to 
manager of newly created Radiation 
Research Dept. He is a member of 
Los Angeles Section. 


A new type gas analyzer is report- 
ed by Mine Safety Appliances Co. 
Instrument operates by decreasing 
conductivity in a specially designed 
ionization chamber caused by re- 
moval of ions by the contaminant 
being measured. Continuous ioniza- 
tion is produced by a radio-active 
material. Detection is claimed in 
parts per billion. Gases such as am- 
monia, carbon tetrachloride, hydro- 
gen cyanide, trichlorethylene, and 
various amines have been measured 
in exremely low concentrations. 

A lower priced data processing 
system is announced by Bendix Avi- 
ation. Called the CA-2, the unit gives 
punched card data processing capa- 
bilities to the G-15 Bendix digital 
computer. It is reported to cost 1/2 
the price of previously offered equip- 
ment to accomplish this job. Infor- 
mation can be tabulated, punched on 
cards, or read from cards automati- 
cally under control of the computer. 
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TRANS-SONICS 


TM. 


PLATINUM TEMPERATURE TRANSDUCERS 





for measurement, telemetry, and control 


@ TEMPERATURES FROM ~—-425 TO ~* 1832 F. @ PRECISION CALIBRATION 


@ ACCURACIES TO 0.1 F. ®@ 5 VOLT OUTPUT @ HIGH RESPONSE SPEED 


BULB TYPE for corrosive gases and liquids 

1300 Series transducers are available in 
ranges from —400 F to + 1832F, feature 
1% accuracy, stainless-steel construction, 
and a time constant of less than 2.5 sec- 


onds in agitated liquid. Many standard and 
special bulb lengths are available. 





1300 Series 


Type 2135 has +0.25 F accuracy and in- 
terchangeability over a range of 0 to 
+125 F. The platinum element is enclosed 
in a nickel-plated bulb, and the unit will 
withstand a working pressure of 4500 psi. 





Type 2135 


OPEN TYPE for non-corrosive gases and liquids 
1350 Series transducers are available in 
ranges from — 300 F to +600 F, with an 
accuracy of + 1% full scale. The platinum 
sensing element comes in direct contact 
with the gas or liquid being measured, re- 
sulting in a typical response time of 0.2 
second in agitated liquid. 


Type 1321 is designed for extreme low 
temperature measurements, with special 
calibrations to —425 F. Operating inter- 
val is 30 F in ranges up to +250 F, with 
+1% accuracy. A perforated shield pro- 
tects the platinum sensing element from 
1350 Series Type 1321 high flow rates. 





SURFACE TYPE for all kinds of surfaces 


oe These platinum temperature transducers 

ar can be installed by a variety of methods 

Z Cement-On Type 1375 on any surface .. . flat or curved, metallic 

or non-metallic. The following types are 

available in ranges from —400 F to 

Dae Bie +1850 F: Cement-On, Weld-On, Tape- 

=z Weld-On Type 1376 On, Thermopaper, Sub-Surface, and Sur- 
face Transferable. 





4 





A five-point resistance-temperature calibration certificate at 0, %4, %, %, and 
full scale temperature is supplied with each transducer. Custom designs for all 
temperature transducers are available on special order with accuracies to 
0.1 F. Write to Trans-Sonics, Inc., Dept. 16, Burlington, Mass. for Condensed 
Catalog on Platinum Temperature Transducers. 


TRANS-SONICS 


Precision Vansducows 
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PRODUCTS SERVICES 


Reticles * Precise Photography * Precision Patterns on Glass & 
Metal « Photoelectric Readout Devices + Optical Coincidence 
Reading Systems ¢ Precision Circular, Cylindrical & Linear Divid- 
ing * Electroforming of Precise Patterns * Precision Grids 
Engineering & Surveying Instruments ¢ Hydrological & Meteoro- 
logical Instruments « Standard Weights & Measures Optica! Instru- 
ments ¢ Reticle Manufacturing Facilities * Paper Testing Instruments 


W. & L. E. GURLEY, 526FULTON STREET, TROY, N.Y. 
For More Data CIRCLE 44 on Inquiry Card 


INSTRUMENT 
ENGINEER 


An outstanding organization in the field of ap- 
plied cryogenics is seeking an instrument engi- 
neer for their Research & Development Division. 
A B.S. in Chemistry, ChE., or Physics is required 
with interest in the development and application 
of instrumentation in the fields of infra-red, gas 
chromatography, spectrometry, photometric tech- 
niques, gas analysis phenomena, including ther- 
mal conductivity, paramagnetism, adsorption, 
etc., some electronics insight will be helpful. 





An unusual opportunity exists for a man with 
2-4 years of work experience to develop in these 
areas and for one who has the personality en- 
abling him to work effectively in liaison with the 
general engineering department, the operations 
group and with the management of the Research 
& Development Division. 


The Company offers a well-evaluated starting 


salary, moving expenses to its Eastern location 
and our usual agency fee. 


Confidential inquiries by duplicate resume 
(including present earnings level) to: 


STURM - BURROWS & CO. 


Executive Search & Personnel Placement 
Specialists 
1420 Walnut Street Philadelphia 2, Pa. 
Kingsley 6-4111 
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> Industry Notes 


F-106 Automatic Checkout Equipment—Block diagram 
showing basic operation of Robertshaw-Fulton automat. 
ic checkout instrumentation for Convair F-106A jet 
fighter. System speeds inspection of airborne stabjjit 
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ed FIXTURE ¢ 
POWER 
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OSCRLATOR 









AMPLIFIER 





augmentation amplifiers. It employs a_ binary-coded 
punched tape input, GO-NO-GO presentation, and pr. 
vides a printed numerical output as a permanent log 
of operation. Tape program variations provide over one 
million test combinations to cover practically any check- 
out procedure. Equipment is modularized to meet othe 
test specifications on the amplifier and other electronic 
instruments. 


For More Data CIRCLE 601 on Inquiry Card 


_ 


Country’s Largest Shock Tube—General Electric reports 
this 120-foot long, 6-inch diameter shock tube to be the 
largest in U. S. It is a basic tool for aerothermo-dynamic 
testing—high-temperature and high-speed conditions. 





This view shows a highly instrumented section of the 
tube. The Criver section, which produces the shock wavé 
is located at the far end of the tube. The movement d 
exploded hot gases through an expansion nozzle pre 
duces blasts up to Mach 25, temperatures to 18,000°F 
and pressures up to 5,000 psi. The resultant flow pat 
terns set up over test specimens, such as nose cones, alt 
recorded by Schlieren photography and other means. 


For More Data CIRCLE 602 on Inquiry Card 
(Please Turn to Page 144) 
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Two answers to the problem of precise 
strain gage or thermocouple amplification 


HONEYWELL’S NEW D-C AMPLIFIERS 

















C CONVERTER MAGNETIC CONVERTE 
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Cy 


ee 


7 AccuData Amplifiers mounted in 
standard 19” relay rack 5%” high. 


~ 





Model 2HDH-61 ‘Model DISA-1 
AccuData | AccuData I! 
provides completely isolated differential provides flexibility of either differential or 
input, grounded output, greater than 100K single-ended input simultaneously with 
input resistance, 100 megohms impedance either floating or grounded output, + 50 
to ground, 100 cps frequency response. ma current output with 100 ma galvano- 
meter protection, extremely high input im- 
Amplifies signal from thermocouples and strain gages pedance, as low as 2 »v noise and drift, up 
for input to analog-digital converters, digital voltmeters, to 60 Kc frequency response. 
with virtually no errors due to pick-up, unbalanced source 
resistance, and source impedance change. Ampli . ; : : 
; ; tO ‘ plifies signals from multiplexed thermocouples, strain 
The AccuData I features a unique circuit in which feed- gages, high frequency d-c transducers, plus single-ended 
back is brought from the actual output terminals to the transducers and other low level millivoltage sources for 
input terminals while maintaining a completely isolated in- input to high frequency galvanometer oscillographs, wide 
put. Extremely linear and stable operation is thus achieved. band FM or digital tape recorders, high frequency multi- 
Also featured are two Honeywell Second Harmonic Mag- plexers and digitizers 
netic Converters for zero stability and greater resistance to The AccuData II is an all-transistor wide band differen- 
a and vibration. - 7 tial input amplifier with electrically floating chassis, using 
Ss gamma at gain of 100 .. . Output: linear within a chopper for zero stabilization, and unique input circuitry 
O1'% up to 3 volts. Maximum output of 10 v also avail- to provide virtually infinite impedance to balanced differen- 
able . . . Gain instability: 0.05% ... Drift: less than 5 uv tial inputs and single-ended signals. 
— to input . . . Noise: 8 jv pk-pk d-c to 100 cps, Performance at gain of 200... Output: 2 volts at 50 ma 
3 Yd Pk-pk d-c to 100 Ke . . . Frequency seaponss; down ... Non-linearity: 0.005% or better . . . Noise: 3 xv pk-pk 
at 100 cps . . . Rise time: to 99.9% rated output in for 10 cps bandwidth, 5 »v rms for 100 Ke bandwidth .. . 
35 milliseconds . . » Input resistance: greater than 200K Frequency response: down 3 db at 30 Kc. . . Rise time 
a mnpedance: 0.01 ohms . . . Common mode to 99.9% of final value: 100 psec. ... Zero drift for 
Medel SHDN Ct rage os 1 at 60 cps. — 10°F variation: less than 2 ,v and gain instability less than 
of 10 20, $0 100 and 200 : = a Model SHDI63 0.01% .. . Common mode impedance: 100K in parallel 
Sie cin cand ANG “UU 88 HANCATE. MOGE < ps with 200 mmf each side . . . Common mode rejection with 
ip’e gain unit provides 3 volt output with gains of 10, balanced source impedance: 1,000,000 to 1 at d-c, 200,000 


30, 100, 300, and 1,000. Separate rack mounted power : 
? ’ 9 ‘ . = ) - 
supply for 1, 7, 14, or 49 channels. to 1 at 60 cps 








ee 8 
Pe 3 
a 


Controls: 11 position coarse range switch for differential 


Write for AccuData I and AccuData II Bulle- inputs from 3 to 100 millivolts, single-ended input from 0.1 


tin to Minneapolis-Honeywell, Boston Division, 


Dept. 48, 40 Life Street, Boston 35, Mass rangeability to cover all intermediate values. 


Honeywell 
| Fiat i Control 
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to 100 mv, plus a 10-turn fine adjustment having a 3:1 
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Precision instruments require 
mirrors and optical parts of 


IGY Test Rockets Set 
ae i ABSOLUTE EXACTNESS @ ‘iain 


OUR (Continued from Page 142) 


@ © first surface mirrors 


with half-wave protection Four NIKE-ASP research rockets 


were recently fired from San Nigg. 


© © semi-transparent mirrors las Island in the Pacific Misgil 
metallic and non-metallic | Range at Point Mugu, Calif, ead 

e . carrying a 50-pound payload of jp. 
beam splitters struments to altitudes of 140-1 


miles. This established a new recog 
for two-stage solid propellant ro. 


Guaranteed to be kets. A maximum speed of Mach] 


Without was attained. 
Rocket motor was designed by 


DISTORTION Cooper Development Corp., and tes 


fired under the direction of Naya 


DIFFRACTION Research Laboratory. The tests wer 


a dress rehearsal for IGY Projeg 


DIFFUSION Eclipse, a series of solar radiation 


studies conducted in the South Py». 


® optical filters 


All work to closest specification by the pioneers cific during the total eclipse of the 
and leaders for a quarter of a century in de- sun on October 12th. 
positing metal films. Send for our free booklet. The project involved firing of six 


rockets, each rocket providing about 
4 minutes of usable data. They ae | 


FILMS CORP. equipped with photon counters, soft 


x-ray counters, an ion chamber 





New York measure hydrogen Lyman alpha tf 

Dept. A diation, and photo tubes for orient® 

- tion reference. Data is transmitted 

For More Data CIRCLE 46 on Inquiry Card om by an FM/FM telemetering sys 











ann SA MEMBERSHIP wi: 
BENEFITS = Reads to 20 millionths . . FAST! 


CARSON-DICE 
are completely spelled out in the free AUTOMATIC ELECTRONIC 
booklet “You And The ISA.” In it you 


will find all the benefits to management, M i C R O M E T E R 


Unexcelled for high-speed, die 
rect precision measurement of 
anything fragile or compressible 

. conducting or non-con- 


ducting. 


IMUM Gere 


\| 


engineers, and technical personnel in 


UML TTT 


the fields of measurement, testing, in- 
formation handling, computation, and 


control. Find out what this nation-wide 


Widely used on: 


TUUNNOUNIUUAUUNEAONNU UN 


organization can do for you today. Use 


SEMICONDUCTORS 


coupen below: 
DEPOSITED FILMS » GRIDS 


A Membership Application Form 
Is Included 


CLOSE TOLERANCE PARTS 
COATED CATHODES « DIAPHRAGMS 


TOA 


Instrument Society of America Negligible measuring pressure. 


313 Sixth Ave., Pittsburgh 22, Pa. 


| 
| 
Please send me your free booklet, “You And | 
The ISA” and a Membership Application Form. | 
| 
| 
| 
| 
| 





Send for BULLETIN 4005. 





Englewood 24, 


J. W. DICE CO, ew sere 
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Official U.S. Air Force Photograph 


Data from the 1-A (above) and 1-6 
(below) control rooms help Edwards’ 
scientists evaluate missile performance. 


"New Horizons”, L&N’s Tech. Pub. 
ND46 gives data on circuitry and 
performance characteristics of 
Speedomax instruments. Get a copy 
from your nearest L&N Office or 
from Leeds & Northrup Co., 4929 
Stenton Ave., Phila. 44, Pa. 








When 
the stakes 
are high... 


and the cost of failure is exorbitant, the peak of 
performance is required both from instruments and 
from men. 

This is true of the scientists and engineers here at 
the Rocket Engine Test Laboratory, Edwards Air 
Force Base, California. Because they work with the 
Thor, Atlas and the secrecy-cloaked missiles of the 
future, they require instrumentation of unquestioned 
accuracy and dependability. To monitor thrust, flow, 
force and temperature parameters, they are using 
more than 600 Speedomax" G Recorders .. . part of 
one of the most extensive data recording systems in 
the United States. 

Result: throughout more than five years of opera- 
tion, Speedomax Recorders involved in data gather- 
ing have surpassed the exacting performance stand- 
ards required by Edwards’ instrument engineers. 
IN NORTHRUP 


ity 7] Automatic Controls »« Furnaces 


Instruments 
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OFF-NORMAL CONDITIONS 














NEW PANELLIT RECORDING 
ANNUNCIATOR UNCOVERS PROFIT LEAKS 


@ Pinpoints temperature, flow, pressure and level process trouble 
areas by accurately, instantly recording off-normal operations. 


@ Permanent, unalterable statistical data helps prevent downtime 
repetition. 
@ No time-wasting decoding. Directly readable digital form. 


Typical power station application: The exact time period of 
steam stop valve closure, generator circuit breakers and over- 
speed trip resets is permanently recorded, providing advance 
notice of sluggish functioning and permitting immediate pre- 
ventive action. 


Model RA helps attain highest quality products by continuously 
monitoring all process variables. Also helps reduce downtime, 
maintenance and operating costs in your plant. 


Write for Bulletin 102 today. 


PANELLIT, INC. 


7401 No. Hamlin Ave., Skokie, Ill. 
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INDUSTRY © 
PERSONALITIES 








Robert Lent 


Gavin S. Younkin 
men Statham 


Minneapolis-Honeywell Vice Pr 
and General Sales Mgr. Gavin § 
Younkin (photo) is taking over, 
tive direction of the Datamatic } 
vision sales in Boston. 


Robert Lent (photo) former US 
officer has been named Director ¢ 
Marketing for Statham Instrume 
A. R. Hunter moves into Lent'’s m 
vious position as sales manager, 


Donald W. Douglas, founder «3 
Douglas Aircraft, and William Ne 
son Goodwin, Jr. of New Hope, hi 
were two of seventeen men honor 
by Franklin Institute in Philadé 
phia on Oct. 15th. Mr. Douglas ® 
ceived the highest honor award 
for his contributions to the field¢ 
aeronautics. Mr. Goodwin receift 
the Howard N. Potts Medal fort 
invention of the photoelectric @ 
posure meter and other contributit 
in the field of electrical measuiit 
instruments. 





Board of Directors has : 
Raymond W. Heimsoth presideny 
Ess Instrument Co. Eugene Rosse 
been appointed Vice Pres. in Cia 
of sales. 





RCA has named John E, Johae 
manager of the Marketing Depa 
ment with headquarters at Cam 
N. J. 


William W. Hartz has been elee 
as president of Mid-Eastern # 
tronics at Springfield, N. J. He 
formerly with Weston Electrical 
struments. 


(Please Turn to Page 153) 
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Vice Pre 
Gavin | That’s why leading missile manufacturers 
‘oa like North American Aviation Inc., Rocket- 





Manufacturers ot 








SEAMLESS AND WELDED AND 



















— dyne Division use BISHOP tubing to help DRAWN STAINLESS STEEL TUBING 
withstand the tortures that today’s and Medieniesl, Capiilen), Ureedensie 
tomorrow’s missiles must endure, ont teens Gi 

ner USM (.008” to 1.000” 0.D.— 
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AIRBORNE STRAIN-GAGE 
POWER SUPPLIES 


Completely transistorized 

1 or 3 amperes at 5, 10, or 15 volts 
output 

0.1% stability over wide environ- 
mental, line, or load changes 

Operation from -55°C to +85°C, to 

70,000 feet, and 20 g’s 





Born out of a need for well-regulated 
power in airborne data-collection systems, 
the Neff Series 2-300 Power Supplies bring 
the well-known principles of ground 
strain-gage supplies to flight-test use. 
These completely transistorized units dis- 
play superior regulation, fast recovery, 
and voltage stability over a wide tempera- 
ture range. 

These truly electronic supplies are de- 
signed for high-temperature, high-g en- 
vironments, performing with “ground pre- 
cision” in airborne applications. A life 
expectancy of 10,000 operational troubl 
free hours can be expected from all units 
The Power Supply utilizes a two-stage 
carrier amplifier and a single stage d-c 
amplifier. Output voltage is compared 
with the Zener diode reference voltage by 
means of an electromechanical chopper. 


SPECIFICATIONS: 


INPUT VOLTAGE: 


105 to 125 volts, 360 to 440 cps, single phase, 
25 watts maximum. 


OUTPUT VOLTAGE: 

Either 5, 10, or 15 volts available by screwdriver 
switching. 

LOAD CURRENT: 

2-300: 0 to 1 ampere continuous duty at 5, 10, 
or 15 volts. 

2-302: 0 to 3 amperes continuous duty at 5, 10, 
or 15 volts. 

LINE REGULATION: 

Less than + .1% for 115 + 10 volt variations. 
Less than + .1% change for a 10 volt line 
transient. 

LOAD REGULATION: 

Less than .1% change no load to full load. 
TEMPERATURE VARIATIONS: 

Less than + .1% from —55° C to 485° C. 
FREQUENCY VARIATIONS: 

Less than -+ .05% for frequency variations of 
360 to 440 cps. 

DRIFT: 

+ .05% for any 24-hour period when operated 
with constant environment. 

RIPPLE AND NOISE: 

Less than 1 millivolt rms. 

OUTPUT IMPEDANCE: 


Less than 10 milliohms at d-c and less than 50 
milliohms at any frequency up to 10 k-c. 


NEFF 


* corporation 


instrument 








2211 E. Foothill Bivd., Pasadena, California 
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NOW ...A NEW SOURCE FOR 


Hayward Scientific Glass Corpora- 
idlo}arm (A01h941-1 0mm Ot- libido) aalt- Pam al-l-Mele) en 
pleted its new research laboratory for @ 
melting special glasses in platinum 
crucibles. The primary purpose of the 
F-lele)¢-) cola’ diimel-mcemel-'1-110) oM-lalem o)gen 
duce three types of glasses; those for 
3 ol fea k- i Me- Bale me-3aa-h4-1-40omr- Tole) ilor-hale) ar 
such as the rare element types; 
dalol-t-m-1-1felolaamaar-Talhe-oa dei a-1¢ Yo) (-1 87 
lo] -tor- 105-1 -Mo) male] agat-] Mal -lol ame) Mel -lanl-laleb 
Tale mm 4t-0-t-1-3-Male) gaar-lihv am elgelelelel-le mata 
the United States but momentarily 
not available in the size and quality 
of pieces needed or in the rigid 


refractive index tolerances required 





New formulas may be developed in 
smal! melts, yielding 5 to 10 pounds 
of glass; then large melts can be made 


i Colm 9] de)"1(0[-mm o)goleleloadlolammelet-lalaid|-+— 


Hayward 


manufacturers of optical glass made 
to the highest military standards 

glass for massive optics « rare ele- 
ment glass « iead glass « prototype 





glass « slab glass pressings * custom 
annealing * and research 
Write today fox. i¢-Tolalallor-] Mmet-be-Mmr-Lale| 


literature 


ard 


SCIENTIFIC 
GLASS 
CORPORATION 


Ha 


217 MAGNOLIA AVENUE 
WHITTIER, CALIFORNIA 
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miniature 
encapsulated 


“MAGNETIC” 
MERCURY 
SWITCH 














a 
magnet 
—_ | 














Actual Size 


CAPILLARY TYPE MAGNET OPERATED 
MERCURY SWITCHES 


Moveable contact in the hermetically sealed 
switch makes contact by penetrating opening 
in the capillary tube (see illustration). Capil- 
lary tube is positioned so as to be supplied 
by the mercury in the well. 


VERY LITTLE POWER REQUIRED 
TO OPERATE SWITCH 


Adaptable to applications where a mechani- 
cal movement of approximately 0.007 (mini- 
mum) with a force of 2 grams is available to 
move the permanent magnet. Can be oper- 
ated by small DC electromagnets for incor- 
poration in electric or electronic equipment. 


HIGH SPEED OPERATION 


Speeds of 400 cycles per minute (at maxi- 
mum rated load) are obtainable. Higher 
speeds are possible depending upon load 
characteristics. } 


VARIABLE MOUNTING ANGLE 


Operation is possible even if switch is tilted j 
as much as 45° from vertical position. 


ELECTRICAL CONNECTIONS 


Electrical connections to switch are made 
through the metallic-end caps, eliminating 
lead wires attached directly to the switch. 
They are however, available with lead wires 
of various lengths. 





ELECTRICAL CAPACITY 


Type 6-81 normally open and Type 6-83 
normally closed. | 


A.C. 115V., 0.3A.; D.C. 115V., 0.154. [ 


Write for Bulletin 
6-81 


THE MERCOID CORPORATION 





4201 Belmont Ave., Chicago 41, !!! 
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John L. Kent 
Datex 


George R. Lippert 
Victoreen 


George R. Lippert (photo) is new 
director of technical services for 
Victoreen Instrument Co. 


Datex President Carl P. Spauld- 
ing announces appointment of John 
L. Kent (photo) as advertising and 
public relations manager. 


Telemeter Magnetics, Inc., of Los 
Angeles has named Milton Rosen- 
berg as director of advanced devel- 
opment. 


Dr. Leslie K. Gulton, President of 
Gulton Industries announces ap- 
pointment of J. Paul Jordan as his 
special assistant. 


Charles B. Hazzard, Jr. has been 
named Director of Marketing for the 
Engineering and Optical Division of 
Perkin-Elmer Corp. 


Newest additions to staff of pho- 
tographic instrument systems spe- 
cialists at Traid Corp. are Leonard 
H. Reed, and Robert W. King. 


Corporation for Economic and In- 
dustrial Research announces ap- 
pointment of Robert L. Patrick as 
Deputy Director of its Computer 
Services Division. 


Donald J. Gimpel has joined Ar- 
noux Corp. as Director of Research, 
and Ellison F. Miller comes to Ar- 
noux as Chief Development En- 
gineer, 


Ultradyne, Inc., makers of pres- 
Sure transducers and _ electro-me- 
chanical products announces Arthur 


W. Miller as V-P and general man- 
ager, 


(Please Turn to Page 155) 
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NEW 


FROM U.S. GAUGE 


SUPERTHERM dial thermometers 


Engineered ...to equal the premium quality and de- 
pendable performance of superior USG Grade AA 
Supergauge pressure gauges. 








Priced ... at a money-saving value that's news in itself. 


Designed... in a range of styles and sizes to serve any 


plant in any industry with the most comprehensive line of 
indicating thermometers available from one source today! 










i r 
all your requirements fo 


m dial thermometers 
eatures 


NOW 


standard, filled syste 
met with one top gre 
specifications. See 
or Catalog 205. 






all these 
tributor, OF write f 










DIRECT READING — rigid, direct mounting; or “Multi-Angle” type 





REMOTE READING—for temperature measurement up to 125 
feet from indicator 






4 TYPES OF FILLS—organic liquid, gas, vapor, mercury 






ALL COMPENSATIONS— complete selection of case or capillary 
compensation available as required 






29 STANDARD RANGES—covering temperatures from ~350° to 
+1000°F 


2 CASE MATERIALS— anodized aluminum or phenolic plastic 










4 CASE SIZES— 32", 42", 6” and 82” 






3 CASE STYLES—turret, front flange, or back flange mounting, 
with choice of bezel 






FULL SELECTION OF BULBS—virtually endless combinations of 
bulb sizes, shapes, materials, and connections. 







tn The 
"Yellow Pages’ 


UNITED STATES GAUGE 


Division of American Machine and Metals, Inc. + Sellersville, Pa. 
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MASTER’ | 


The UNFAILING Liquid 
Level Control! 


The ability to function with 
continuous, sensitive control with 
liquids is the standout feature of 
Level Master. The “brain” of Level 
Master is the unique Bell Magnetic 
Proximity switch incorporating a 
permanent Alnico V magnet that 
responds instantly to changes in 
liquid level! 
® Models for all types of liquids. 
© Horizontal, vertical, external 
mountings. 
© Precision engineered for long 
life operation. 
For full information consult your 
Level Master representative or write 
directly to: 


JO-BELL 
PRODUCTS, INC. 


5456 W. 111th St. e Oak Lawn, Ili. 
Phone GArden 5-0240 
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Jo-Bell Products, Inc. Dept. £ 
5456 W. 111th St., Oak Lawn, Ill. 
Send full information on Level Master 


and name of nearest representative. 


My name 








Company 
Address 





———E——— 
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GAS ANALYSIS BY THERMAL CONDUCTIVITY SINCE 1935 


ee | 








\ 
w! Available from Stock! 


GOW-MAC 
HIGH POSITIVE COEFFICIENT 


RESISTANCE FILAMENTS 


For Repair, Experiment and Instruction with 

® Detectors for Gas Chromatography 

® Gas Analysis by Thermal Conductivity 

© Temperature Resistance Measurement 
— 60 ohms maximum working resist- 
ance without destruction 








_ BRIDGE CURRENT —MA 
8 8 


=] 




















6 x 4 38 
FILAMENT RESISTANCE — OHMS 


Other Gow-Mac Produts 


rom, RGSISTANCE OHMS) gy NT AR rect @ Portable and Panel 

3 ts = . es P ‘ AM —_ Pain 25 struments 

H TUNGSTEN HELIX 20 30 150 $10.00 | 

i TUNGSTEN (GOLD PLATED) HELIX 18 21 150 20.00 + Power Supplies 

; - (20 V., 500 ma. D 

4 KOVAR (ALLOY OF STRAIGHT 4 ? 200 10.00 > ma. |) 
NICKEL, COBALT, IRON ae __._@ Thermal Conductivity 
TUBE NUTS AVAILABLE. CAT. No. 9611 (Brass)... Price Per Pair .50 Cells (Hot Wire a 
*Minimum order $50.00 Thermistw 


Order for immediate 
shipment or send for 
Bulletin FIL. Address 
Department IJ 


GOW) HHA nstRuMeENT Co, 


100 KINGS ROAD, MADISON, NEW JERSEY --Tel. FRontier 7-345 
For More Data CIRCLE 136 on Inquiry Card 





O. O. C. Brand 


TAPS - DIES - GAUGES 
NATIONAL MINIATURE | 


(to meet National Bureau of Standards adopted 1957) 
055 to .0118 diameter 


from 80 threads per inch to 318 threads per inch of Carpenter 
““stentor’’ quality — 25% greater torque strength than high speed 


steel 











WRITE OR PHONE FOR CATALOG 


R. P. GALLIEN & SON 


220 West Fifth St. Madison 8-1347 Los Angeles 13, Calif. 


ee 
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Edward P. Fleischer D. R. Gero 
CEC Giannini 


Consolidated Electrodynamics 
Corp. announces several perscnnel 
changes: Edward P. Fleischer (pho- 
to) is named assistant to the pres- 
ident, Francis T. Greenup is new 
manager of engineering service and 
Alectra Dept., George M. Slocomb 
is promoted to chief development 
engineer, E. James Penrose is named 
administrative manager, August 
Nuut is appointed principal engineer 
in DataTape Division, and Donald 
J. Leman as manager of systems and 
procedures. 


D. R. Gero (photo) has been ap- 
pointed Vice President and General 
Sales Manager of G. M. Giannini & 
Co., previously he was Vice Pres. in 
charge of Avionic Divisions. 


Howell Instrument Co. of Fort 
Worth announces appointment of 
Fred P. Naber as general manager. 


Penberthy Mfg. Co., a division of 
Buffalo-Eclipse Corp. recently 
named Howard E. Strohmaier as 
general manager, and Arnold N. 
Lindeman as general sales manager. 


Robert K. Stern, president of Mid- 
Century Instrumatic Corp has named 
Philip Balaban as Director of Re- 
search. 


Ardmore M. Willer has been ele- 
vated to Sales Manager of West In- 
strument Corp. 


_ John R. Harkness of BJ Electron- 
cs announces appointment of Dr. 
John H. Buck as V-P of engineering. 


oe Gumas has been named 
bes in charge of Engineering at 
vag Control Services of Hatboro, 
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CAMMIT 






STATIC-SWITCHING 


Self-Contained . . . Expandable 
Lower Cost... 

Minimum Maintenance 

Range of Models and Sizes 


You can now get greater reliability 
for all kinds of process and automa- 
tion control in these new SCAMMIT 
MONITORING SYSTEMS. Com- 
ponents are permanent and static 
switching circuitry eliminates most 
component failure; result is years of 
economical and dependable alarm 
protection. Investigate SCAMMIT 
before you invest in any monitoring 
system. 


SEND FOR complete information 


and literature. 


MONITORING SYSTEMS 





MODEL ST-AM 





MODEL ST-LF 


s 


MODEL ST-EM 


2 


‘BEZAUIINSTRUMENT CORP 


1811 WEST IRVING PARK ROAD e« CHICAGO 13, ILLINOIS « TELEPHONE: GRaceland 7-7850 


COMPLETE MONITORING SYSTEMS FOR INDUSTRY 


REPRESENTATIVES IN ALL PRINCIPAL CITIES 
For More Data CIRCLE 138 on Inquiry Card 
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Further. information*on New Products 
obtained without obligation. Circle t} 


Number on the Readers’ Service P 


products 


. mew 


Reluctance Transducer 


Ultradyne announces a new 
temperature compensated, sin- 
gle coil, variable reluctance dia- 
phragm type transducer for use 
as the variable inductor in in- 
ductance and _ reactance con- 
trolled FM/FM_ sub-carrier os- 
cillator Differential, 
gage and absolute models are 
offered with several pressure 
ranges from 0-10 through 0-5000 
psi. Ultradyne, Inc., Albuquer- 
que, N. M. , 
CIRCLE 301 on Inquiry Card 


system. 


Accelerometer 

Lind Type TA2 accelerometer 
is a seismic mass system with 
low cross sensitivity. It is total- 
ly immersed in silicone fluid 
with a damping ratio of 0.65. 
Volumetric changes in oil with 
temperature rise are compensat- 
ed by use of expansion chamb- 
ers, allowing operating temper 
ature range from —40°C to 
+100°C. Dual pots are provided 
for high level, redundant out- 
put. Lind Corp., Princeton, N.J. 


CIRCLE 302 on Inquiry Card 


Totalizer Stopwatch 

New Minerva No. 1107H heavy 
duty stopwatch will time sec- 
onds, minutes and hours up to 
12 hours. Designed with screw 
mount case and clip. Mechanism 
is constructed with nonmbreak 
able coils which are employed 
throughout critical working 
areas. Catalog 28 describes 50 
different models of timing tn- 
struments available. M. Ducom- 
mun Company, New York, New 
York. 
CIRCLE 303 on Inquiry Card 


Audio Phase Standard 


Acton Type 7000-B audio pri- 
mary phase standard is designed 
for calibration of phase detect- 
ors and phase shifting devices 
and for measuring absolute 
phase shift. Unit supplies two 
sinusoidal voltage signals whose 
phase relation is known to 
+0.05 and is continuously vari- 
able from 0° to 360°; frequen- 
cy range from 30 cps to 20 kc. 
Acton Laboratories, Inc., Acton, 
Mass. 
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Miniature 60 amp Contactor 


Chis “peanut” size 2 oz. con- 
tactor will handle _ switching 
loads up to 60 amperes with 


97 


control signals as small as 2.7 
watts, and will carry starting 
surges up to 150 amperes for 
300 milliseconds. Models avail- 
able for shocks of 30g and 10g 
vibrations to 500 cycles. Furnish- 
ed open or hermetically sealed, 
with nc or no double break con- 
tacts. Potter & Brumfield, Inc., 
Princeton, Indiana. 
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FM/FM Telemetering Unit 


High accuracy data can be 
transmitted over standard FM/ 
FM telemetering systems, by ad- 
dition of Hoover Vernitel. The 
unit consists of a special quan- 
tizer and differential amplifier 
which continuously separates an 
input voltage into 16 levels with 
a residue voltage representing 
the analog scale between quan 
tized increments. Hoover Elec 
tronics Co., Timonium, Md. 
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High Altitude Test Chamber 


A new 27 cubic foot test 
chamber is now available for 
altitude, humidity and temper 
ature environmental testing. 
Standard test range is ~100°F to 
+209°F, 20% to 95% relative 
humidity, and up to 100,009 
feet altitude. Greater test ranges, 
cabinet sizes and accessories are 
available. Environmntal Equip- 
ment Company, Brooklyn, New 
York. 

CIRCLE 307 on Inquiry Card 


High Pressure Reducing Valve 

A new two stage, ballast ope 
ated reducing valve for control 
of inlet pressures up to 6,000 
psi is announced by Hoke. Ac 
curate to + 0.2 psi at constant 
flow despite inlet 
Pressure settings are 


pressure 
change. 
made with one knob. Line pres- 
sure is used to establish refer- 
ence force to control secondary 
pressure setting. Hoke, Inc., 
Cresskill, N. J. 
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GD700 SERIES 


ee 
: LR SERIES 
~ 





» 


Victor Regulators control 
high pressure gases...safely and accurately 


GD700 SERIES for testing pneumatic components or operating gas LR SERIES Loading Regulators for “dead end” and 
systems. Gas-0-Dome primary regulator is controlled by a relief venting, low capacity testing (2 sfcm.) of pneumatic com- 
high pressure, spring loaded regulator. This combination offers you ponents, or for operating gas systems. Will hold 
precise regulation for both low or high volume applications. dead-end pressures without leakage—also will 
PSI MAX. PSI OUTLET GAUGES (integral or hold supply pressure even when inlet pressure 


MODEL 
GD710 
GD711 
GD712 
GD713 
GD714 


GD700 
GD701 
GD702 
GD703 


INLET RANGE pane! mounting) 
7000 400-7000 10,000-10,000 decreases. 


‘ ‘ PS! MAX. PSI OUTLET 
7000 200-3600 10,000- 5,000 MODEL INLET RANGE 


7000 200-2000 10,000- 4,000 
7000 50- 800 10,000- 1,000 LR20B 7000 40-7000 
7000 10- 150 10,000- 200 LR19B 7000 20-3600 

LR18B ’ 
3600 200-3600 5,000- 5,000 7000 15-2000 

LR17B 7000 10- 800 
3600 200-2000 5,000- 4,000 rene aa . ae 
3600 50- 800 5,000- 1,000 


3600 10- 150 5,000- 200 = Qperating Temp. Range: —67° F to +200° F 


Flow: Approx. 300 scfm. Leakage: None. (Storage —80° F) 


Operating temp. range: —67° F to +200° F (Storage —80° F) 


Z | 
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Leakage: None. 


BOTH GD700 AND LR SERIES are field proved. They regulate all non-corrosive gases, including oxygen. 
Forged bronze bodies; stainless steel trim; Kel-F seats; internal filters; built-in adjustable relief. Proof 
pressure 2 times rated pressure; burst pressure 3 times rated pressure. Panel mounting. Stainless steel 
models available for corrosive gases. For complete specifications, write us today. 


VicIOR EQUIPMEN] COMPANY 


; n Mfrs. of welding & cutting equipment; high pressure and large volume gas regulators; hardfac- 
g ing rods, blasting nozzles; cobalt & tungsten castings; straightline and shape cutting machines. 


844 Folsom St., San Francisco 7 * 3821 Santa Fe Avenue, Los Angeles 58 + 1145 E 76th St., Chicago 19 
For More Data CIRCLE 139 on Inauiry Card 1. C Mote 6 O, a 
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Over a decade of expervence 
in ELECTRONIC RESEARCH 
and DEVELOPMENT 





Research 
and Development 
wn Electronic 
Instrumentation 


Project DATUM Digitizing System is a major sub-system of 
a $3,000,000 Central Data Processing Facility now being 
completed by the Electronic Engineering Company for the 
Air Force Flight Test Center, Edwards Air Force Base, Calif 


Since it was founded in 1947, the Electronic Engineering Com- 
pany has developed electronic systems for the Armed Forces, 
and private business. EECo has acted as both prime and sub- 
contractor on large and medium size systems for guided missile 
test ranges and data processing centers. 


With this experience in many fields of development engineering, 
EECo has the knowledge, facilities and ability to quickly and 
efficiently design new equipment or new systems utilizing the 
best available components as well as EECo’s own developments. 
EECo, with this experience and knowledge, now ranks 74th in 
R and D contract sales volume among 404 research and devel- 
opment firms engaged in military work. And EECo ranks first 
among small business firms doing electronic R and D work.* 


*Source: Electronic Industries Association figures 


Electronic Engineering Company 








of California 


1601 E. CHESTNUT AVE. SANTA ANA, CALIF. - Kimberly 7-5501... TWX: Santa Ana, Cal 9063 
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} new products 


Test and Calibration Facilities 

Bell Aircraft Engineering Labs offer to 
aircraft and missile contractors and in 
strument manufacturers a complete sery. 
ice for development, evaluation, testing 
and calibration of precision aircraft oa 
missile instrumentation, systems and com- 
ponents. This includes environmental] test. 
ing, design, consultation, maintenance and 
modification to fit Customer requirements 
Bell Aircraft Engineering Laboratories 
Buffalo, N. Y. 
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Analog-to-Digital Converter 
rransistorized analog-to-digital convert- 

er operates with speed of 6000 independ. 

ent conversions per second. Handles 109, 





000 bits per second (a 13 bit word would 
require 130 microseconds), has an accuracy 
of + .05% fullscale, and a minimum full 
scale of 5 volts. Operates by comparing 
analog input voltage with an internal ref- 
erence voltage from precision power sup- 
ply. Fischer & Porter Co., Hatboro, Pa, 
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Missile Tracking Instrument 

IGOR (Instrument Ground-based Op- 
tical Recording) is a precision instrument 
for premanent recording of missile flight. 





Incorporating high speed photographic 
equipment with automatic focus, expe 
sure and target acquisition control, it takes 
fine-detail, long-range motion pictures of 
missiles, satellites and other airborne ob 
jects. Features include attachments for TV 
cameras and infrared detectors. J. W 
Fecker, Inc., Pittsburgh, Pa. 


CIRCLE 311 on Inquiry Card 


ISA Journal 


ts 


fer ty 
nd in. 
€ sery. 
testing, 
ft and 
1 com. 
al lest. 
ce and 
ments, 
tories, 


nvert. 
pend- 
100, 


nt 
ht. 





—— = FF 


{ 














\ \ 











As long as pressure remains below the pre-determined 
point at which the dome-shaped disc will rupture, a 
leak tight seal is maintained. 


ADVERTISEMENT 
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When pressure attains the rated rupture point of the 
disc, instant release is provided through full orifice 
diameter by the outward bursting of the rupture disc. 


An Advanced Approach 
To Pressure Systems Design 


How To Reduce Weight Factor 
In Pressure Release Mechanisms 


Although BS&B Safety Heads, in one form or another, have 
been providing over-pressure protection for closed pressure 
systems in numerous industries for more than 25 years, it 
is only recently that they have come into their own as 
pressure release devices for various types of airborne 
equipment. 

Recent metallurgical and engineering developments, as well 
as improved manufacturing procedures, have made the 
BS&B Safety Head today’s lightest weight, most accurately 
calibrated pressure release device ever developed. A typical 
Safety Head consists of a metal rupture membrane secured 
in mounting flanges. There are no moving parts. 


Weakness A Virtue 


The rupture membrane, or disc, is a purposely designed 
“weak spot” in the pressure system. Over-pressure bursts it 
at a pre-determined set pressure rating. 

Full relief area is achieved instantly. When the disc rup- 
tures a full throated opening is provided. This outstanding 
feature is most advantageous in pressured systems where 
ignition or exothermic reaction during a process causes 
abnormal pressure rise in seconds or milliseconds. 

... This briefly, is the function of a BS&B Safety Head as 
related to over-pressure protection. 


Imagination The Only Limiting Factor 


The application and design of Safety Heads is continually 
being expanded. BS&B Safety Heads are serving the air- 
craft and missiles industries in ground, air and marine 
applications. 

As an example... visualize the rupture disc as a seal to 
retain pressure in a chamber, and actuated (burst) by 
pressure developed within seconds or milliseconds. The 
pressurized fluid is thus discharged into another chamber. 
Here ignition may take place with contact of another fuel 
component. Chemical reaction may instead serve to fur- 
ther energize the system. 

As a different application of the same basic device, the 
rupture disc of a Safety Head could serve as a signaling 
device ... or to retain pressure to a pre-determined point 
whereupon it would then be actuated by an explosive squib 
or primacord. 
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Peculiarly Suited To Airborne Mechanisms 


Weight is of prime concern in airborne equipment. The 
smallest Safety Head now in production weighs only a frac- 
tion of an ounce. It is about the size of a large pea. In spite 
of its minuscule specifications it still retains all of the 
design features and precise operating characteristics so 
essential to satisfactory performance. 


Big Or Little, High Pressure Or Low 


BS&B Safety Head sizes range from %” to 44” in exposed 
diameter of the rupture disc. Pressure rating for the disc 
can be anywhere from 5 psi. to 100,000 psi. Mounting 
flanges and rupture disc metals can be varied over a wide 
selection to accommodate exposure to acids or other cor- 
rosive conditions as well as to elevated and sub-zero 
temperatures. 


Hundreds Of Design Variations Possible 


If you need pressure release devices of small size and light 
weight for missiles and JATOS, or large sizes for ground 
fueling systems and engine test facilities, you should ex- 
amine the advantages of using BS&B Safety Heads. 
Chances are there is a Safety Head of the necessary char- 
acteristics available from present designs. If not, it can be 
custom built to your specifications. 

Here then are just a few of the reasons why BS&B Safety 
Heads can serve you better in many different applications... 


e A pressure relief device with controlled release accu- 
racy. 

e Leak tight. 

e Light weight. 

e No movable parts. 


For answers to your specific questions contact the Safety 
Head Division at the General Offices in Kansas City, or 
the BS&B Field Sales Office or Sales Agent located 
nearest you. 


BLACK, SIVALLS & BRYSON, INC., Safety Head Division, Dept. 
2-EH11, 7500 East 12th Street, Kansas City 26, Missouri 
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1, the size. VY, the cost! 


Metron 


ELECTRONIC VOLTMETERS 


Panel-mounted, single and multi-range 


ROM '% to % smaller than conven- ( eae 
tional units, these METRONIX 

instruments occupy no more panel 

space than the meter. 


METRONIX AC and DC models 
are the smallest available with such a 
wide choice of ranges. Single-range, mili- 
tary, rack-mounted and plug-in types. 


Ask for Bulletin M-602 


MODEL 300 D. C. (illustrated) 


RANGES: 0-1/3/10/30/100/300/ 1000 
volts D 


ACCURACY: +3%, full scale deflection 
INPUT RESISTANCE: 10 megohms 


PRICE: $94.50 











A SUBSIDIARY OF 

Assembly Products Inc. 
Chesterland 20, Ohio 
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2 new recorders 




















ADVANCE X-Y RECORDER 


Advances one chart at a time with flip 
of a switch. Over 100 complete 10” x 
10” charts capacity. Regular AUTO- 
GRAF features including continuous 
range controls, zero offset, vacuum 
holddown, and remote control. 


















































































































































































































































MODEL 80 


























STRIP CHART RECORDER 
































Laboratory type with PUSH BUTTON 








control of up to 12 speeds from 60 














in./min. to 1 in./hr. Over 100 feet of 

















chart capacity, 10’ wide. Multiple 






















































































span range control with zero offset; 
200,000 ohms/volt input resistance. ™ { 
i. i 
—— HHH 4 





























Write for complete information 


F.L.MOSELEY CO. 


409 N. FAIR OAKS AVENUE, PASADENA, CALIFORNIA 
For More Data CIRCLE 143 on Inquiry Card 


160 








> new products 


| 
| 


Aircraft Electrical Plugs j 

A unique feature of the Cannon GMy 
“umbilical-type” plug is that it is water 
proof while engaged or disengaged. |t vill 





operate at temperatures down to -65°F 
It features quick, positive engagement and 
solenoid or manually-operated release de 
vices. Layout arrangement accommodats | 
15 contacts. Specially designed for ait. 
craft and missiles. Cannon Electric Co, 
Los Angeles 31, Calif. 


CIRCLE 312 on Inquiry Card 





i 
Observation Periscopes 
’ 
Bunker periscopes offer an_ excellent 
means for observing missile fueling, static 
testing and launching operations. Built to = 





customer requirements they can be pro 
vided with dual magnification, varying | 
field widths, various eyepieces, hoisting | 
mechanisms, and other special features @ | 
lengths from 3 to 50 feet. They feature 
adaptability to photographic and _telev- 
sion transmission. Kollmorgen Optical 
Corp., Northampton, Mass 
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here’sa 
money-saving 






Your heavy-handed operators can 
“tighten-down"’ all they want .. . they 
can't ruin the seats or plastic stem points 
on these new Hoke 270 Series bar stock bit 
valves. Stem points are Nylon or Kel-F yey Huy WF 


and have taken 700 cycles of operation 


at 3500 psi using twice normal closing 7 yor 
force—with no leakage across the Seat! qh Wy 
Minimizes opening pressure surges; Cowl 
Meets MIL specs for high pressure com- Buy i 


” 


pressors; can be panel mounted. In % 
or 4" sizes with O-ring or Teflon packing. 


Complete data on request. Write us today. 


HOKE INCORPORATED 


FLUID CONTROL SPECIALISTS 
43 Piermont Road 
Cresskill, New Jersey 
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OPPORTUNITIES 


AT 
Esso Research and Engineering Company 


Openings in the following areas: 


Instrument Engineers 


E.E., M.E., or ChE. (B.S., M.S., PhD.) Application of in- 
strumentation and automation techniques to all phases 
of petroleum industry operations. Opportunity for travel 
as consultants on new techniques and equipment applica- 
tions. Experience in instrumentation field required. 


Electronics Engineers 


E.E. or Physics (B.S., M.S., PhD.) Opportunity to create 
new instrumentation for basic and applied research on 
fuels and lubricants and their engine performance char- 
acteristics. Electronics experience required. 


Give full details of education, experience, desired salary 
and references. All inquiries will be considered promptly 
and held confidential. 


Address replies to: 


ESSO RESEARCH AND ENGINEERING COMPANY 
(Chief Technical Affiliate-Standard Oil Company (New Jersey)) 
Esso Research Center — Employee Relations - F 


P.O. Box 175 Linden, New Jersey 
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PACE 
TRANSOUCERS 


CAN TAKE /7 / 





PACE Model P! transducers were used by 
a missile component manufacturer to measure 
pressure during a centrifuge test. The trans- 
ducer shown above broke loose, and was 
repeatedly battered against a concrete wall 
until the centrifuge stopped. 

Upon being returned to the factory, the 
transducer was tested and found to be still 
holding its original calibratica. With a new 
cover and electrical connector, it was as good 
as new. 


PACE builds a complete line of rugged, 
reliable magnetic reluctance transducers, 
designed to withstand extreme pressure 
overloads and the abuse encountered in 
normal and abnormal applications. 

For detailed information on these trans- 
ducers and related equipment, phone or 
write to the factory or contact your local 
PACE Engineering Company representative. 


PACE ell g ine € ring compan y 


fF) 
13035 Saticoy Street a North Hollywood, California 
STanley 7-7139 
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THE TIME INDICATOR UNIT 


accurate to 1 second in 12 days 





TIMES MODEL TS-3 CHRONOMETER | 


Program timer, pulse generator and clock. Timing | 
assemblies, driven by the clock motor, provide | 


momentary contact closings at 


°® ONCE A SECOND ¢e ONCE A MINUTE e ONCE AN HOUR 
also optional frequency or pulse outputs as specified in range between 


10 and 1000 cps. 


PRICE: $950.00, F.O.B. Factory. 
Optional frequency output, $50.00 each. 


540 West 58th Street, New York 19, N. Y. 


Write for details. 


TIMES FACSIMILE CORPORATION 
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MINIATURIZED 
Hie 2 = 9 217) 68 >. Cond 
INSTRUMENTATION 


nsistorized frequency-to-DC converters 


developed for use with Waugh turbine 


meters, are finding many additional applications in aircraft and missile telemetry, as 
38 ground support equipment. Their rugged and compact designs provide high accuracy 


1 reliability 


FREQUENCY-TO-VOLTAGE 
CONVERTER FR-300 SERIES 

For precision flow rate or R.P.M 
measurements. Combines compact 4 
size with high stability and pre- 


eo 3” x 2” x 21%” overall size. 
© Input and output: 15 models, 
typical output 0-5 volts or 0-1 
ma., input ranges from 10 cps 
to 5 kc. 

= e Better than 0.002% per degree 
f temperature coefficient. 


even under severe environmental conditions 


FREQUENCY INDICATOR FR-305 

Combines indicating meter with 
transistorized frequency-to-volt- 
tage converter in a single com- 


pact package. Also available for $ 


use with standard tach generators. 
e Optional 115v ac or 28v dc 
power supply. 


e Accurate to 1% of full scale. 


« Custom scales for all flow ranges 
and measurement units. 


Be Aircraft type 250° scale instru- 


ments available. 


x 


Z 
NARROW-SPAN FREQUENCY TO } 
VOLTAGE CONVERTER FR-303 
Suppressed zero provides high ? 
accuracy output over narrow 
frequency range. oun 
suited for monitoring AC power 
frequencies. Will provide 0-5 § 
volts dc between 370 and 430 * 
cps with 0.05% overall accu- % 
racy 
e Various frequency spans 


e Ideal for missileborne tele- 
metry. 


available. : 
e Excellent long term stability. é 
23 AR ASIAS 


Send for newly revised Bulletin 103, giving complete data on these products 


Waugh ENGINEERING CO. 
" vane 7842 Burnet Ave., Van Nuys, California 


Sales representatives in principal culties 
as 
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> new products 


Frequency Detector 





Waugh announces new FD-100 frequen 
cy detector which provides instantay 
ous cut-off when speed ot rotating devig 





exceeds a preselected value. Input signa | 


may be from dc tachometer generator , 
magnetic pick-off coil. Response time js | 
milliseconds, and output is 28 yo 
Waugh Engineering Co., 7842 Burnet Ay 
Van Nuys, Calif. 

CIRCLE 314 on Inquiry Card 


Telemetering Tape Recorder 


New Midwestern Magnecord model fj 
telemetering-ground station instrument | 
tion tape system offers new standards j 
tape recording —start and stop in |g 
than 30 milliseconds, a frequency respone 
to 130,000 cps, and an output of 4 vok 
rms into 180 ohms. Plug-in modules pp 
vide direct analog, PDM and FM recon} 
ing. A variety of tape widths and speed | 
available. Midwestern Instruments, P. ( 
Box 7186, Tulsa, Oklahoma. 
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| 


Transistorized Airborne Computer 


Philco announces a new _ all-trani 
tor, highspeed, airborne computer- 
Transac. It can perform 64,000 addition} 


or take 16,000 square roots per second, aii 





is designed to handle all computation 
requirements necessary to control a jet ay 


craft from take-off to landing. The dra 


storage memory can retain from 1500 Wo; 


5000 instructions or numbers. It weigt 
about 150 Ibs. Arithmetic and control util 


shown. Philco Corporation, Philadelphia 


Pa. 
CIRCLE 316 on Inquiry Card 
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CAMBRIDGE 
“FLIK” 

GALVANOMETER. 











—a sensitive 
galvanometer of 
rapid response 


This instrument is especially suited for work where high 
sensitivity combined with rapid response is required. May 
be used with lamp and scale or photographic recorder. 
Performance data for period time of 0.1 second is shown 
below, but instruments are available for shorter periods 
down to approximately 0.02 second. 








Sensitivity External 
Coil Resistance Periodic time amilaA at Resistance for 
ohms Seconds 1 meter Critical Damping 
300 0.1 100 4000 
20 0.1 20 100 




















Send for Bulletin No, E 288 
CAMBRIDGE INSTRUMENT CO., INC. 


3557 Grand Central Terminal, New York 17, N. Y 
PIONEER MANUFACTURERS OF PRECISION INSTRUMENTS 
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NEW... first truly linear 
rotameter flow transmitter 


The MPT-50 Transmitter 
is only 5x6x12 inches 
but full of proven new 
ideas. You: should see it. 





Another milestone. The new is attainable based on air 
Brooks MPT-50 Transmitter output versus actual flow rate. 
gives a fully linear pneumatic Extremely low flow ranges 
signal based on true flow rate, are also within the scope of 
not simply float position. The the MPT-50. You can go 
MPT-S50O is unique; it increases down to 50 to 500 cc/min, 
the accuracy of a transmitted with the same dependable 
flow signal. Accuracy to 1% _ transmission. 


Write for Spec. Sheet SS-170-1, 


Ali BROOKS ROTAMETER CO. 


Poot 858 I STREET Lansdale, Pa. 
Specialists in Complete Rotameter Instrumentation. 
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LLISON 
VARIABLE 
: FILTERS 


Proved dependable 


in years of service* 


a 





ae 





ES 


Allison Continuously Variable Passive 
Network Audio Frequency Filters have 
been in constant use for a wide range 
of laboratory and production applica- 
tions for nearly a decade. Their relia- 
bility through years of service and their 
high performance characteristics have 
led to improved operations and to the 
development of many valuable new 
applications. 


: Allison Filters have no vacuum tubes; 
no power supply; a wide dynamic range; 
low level or high level operation; low 
pass, high pass, or band pass; and no 
ringing effect. 


“eets 
=e 





*K Allison Variable Filters have been used time and 
time again by such firms as Armour Research Foun- 
dation of Illinois Institute of Technology, Chicago, 
lll.; Harvard University, Cambridge, Mass.; Woods 
Hole Oceanographic Institution, Woods Hole, Mass. 


2 qe Lh oer rere oon te r—4 Cc 
asom 
lags 





ALLISON FILTER 






SPECIFICATIONS 





@ Frequency range from 9KC to 670KC 
© Designed for use in 600 ohm circuit 
@ Maximum input 212 volts 

© Passive network © No power supply 


© Low loss—approximately 1 db in 
pass band 

@ Plug-in or built-in input-output trans- 
formers available for other impedances 





e@ 45 db attenuation in first octave 


© Size—15” high, 7” deep, 5%” wide 


ited ae os 2 saxty 


© Weight—12'2 pounds. Fully portable 
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© Model 2CR, rack panel also available 3 
= 
e Basic price for Model 2C— q 
$345.00 F.0.B. is 
a 
Write for Engineering Bulletin with complete technical data. 
| Allison Laboratories, Inc. 
: 14185 E. SKYLINE DRIVE + LA PUENTE, CALIFORNIA 
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PRESSURE yc spritgeetcege i 


‘ accurate and comprehensive GUANitating 
TRANSDUCERS 3 lincariey, condocesicy, resistance ga 
for rocket and jet engines 


¥ ae! 
—measure fuel, oxidizer, 
and combustion pressures 
during static firing tests. 
High freqency response — units measure static and 
dynamic pressures over a frequency range of 
0-10,000 cps and higher. Pressure ranges: 0-5 
psig to 0-100,00 psig. 
Easy to install...simple to use. Only three dial 
adjustments required. 
Capacitance gauge principle eliminates contacts 
and linkages. Low diaphragm mass... high dia- 






















Station includes linearity bridge with po 
mount, angle dial and _ slide wire; ang 
analyzer with voltage and current sup- 


phragm resonant frequencies. DYNAGAGE readout instru- a cor tide. ohea ane 
Rugged—units insensitive to vibration and ment — rugged, compact, self) | P oe Ba por ape rg oo. P . 
shock. Water-cooled models withstand combus- —forrtained-- fot any Photocon orecseg?. age oe a i 
; ot ’ y Be» < and, Mass. 
tion temperatures to 6000°F. put, high signal-to-noise ratio. on ' 

Standard and miniature sizes. CIRCLE 317 on Inquiry Card 


Send for catalog on complete line. 
; High Pressure Dryers 





PHOTOCON RESEARCH PRODUCTS New automatic dehydration unit drig 

421 North Altadena Drive, Pasadena, California air at pressures up to 5000 psi. Uses al 

ternate twin desiccant towers with auto 

Pressure, Microphone, Proximity & Displacement Transducers » Dynagage Readout Instruments matic operation of heaters and blowen’l 
For More Data CIRCLE 151 on Inquiry Card | switching from spent tower to reactivated 








ene tower. Delivers 20 scfm air dried down 


DAVIS INSTRUMENT 5 GREENBRIER 
DIVISION INSTRUMENTS INC. 


Present a complete line of 


CHROMATOGRAPHIC 
INSTRUMENTS 


for Laboratory and Industrial 
Process Stream Analysis and Control 











67°F dew point. Vibration resistant, unit 








is designed for portable air supply units 
for missile and aircraft ground support 
and pressurization. Kahn & Company, In 
Hartford, Conn. 
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Portable Temp Test Chamber 
\ unique line of portable test chamber 
| for controlled temperature environmental 
| testing with vibration machines is ab 
nounced by Tenney. Units offer up 











A complete line of instruments utilizing AIR, as 
the carrier gass NO HELIUM REQUIRED! 


Write for Technical Bulletins. 














5x5x5 feet working space, attachments for 
vertical or horizontal vibration machines, 
—100°F to +4+600°F temp test range, and 
miscellaneous connectors, parts, etc., to 


GREENBRIER 
INSTRUMENTS INC. 


P.0. Box 382 


SEUONGTE pAvis INSTRUMENTS 


DAVIS) ttm 














Divist 272 Halleck St., Newark 4, N. J. Ronceverte, West Virginia customer spec ifications. Tenney Engineer 
EE aaa , ing Co., Union, N.J. 
For More Data CIRCLE 152 on Inquiry Card CIRCLE 319 on Inquiry Card 
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INPUT CONDITIONING EQUIPMENT 


for data accumulation and processing systems 


Standard and custom models with modular or unitized construction 
in any number of channels. Rack mounted for ground stations 


compact packages for flight 


. 


Typical Modular Plug-in Sys 

car tem, 88channels 19"x11"x6" 

stam” Designed to withstand shock 
4 vibration and water spray 





FEATURES 
e Separate or common bridge voltage inputs 
e Common mode rejection for feeding differential amplifiers 
e Manual or automatic calibration, series or shunt 
e Designed to feed multi-channel recorders or standard scanning devices 
e Complete versatility achieved with individual channel controls 
Detailed information available on request 


~BAF instruments. Inc. 5 


7—~Yuy 3644 N. LAWRENCE ST. ~ PHILA. 40, PA 
~~ 


OTHER PRODUCTS TORQUE fh 
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A METER-TYPE VHS 


9 MICROAMPERE RELAY 


© 2800 ohms 








© 0.5 Second response time with 
7 microamperes applied 


Survives: —65° to +175° F., 
5 to 2000 cycles, 2.5G 


@ Hermetic seal 


"x 1%"x 2%”, including 
terminals 


_The new model 126 VHS Meter-Relay is smaller than pre- 
vious models. It has a moving coil armature which rotates in 
the flux gap of an Alnico magnet. A locking coil in the moving 
element develops extra torque for positive contact action. 

The case is solder sealed and may have a plug-in base or 
solder connections with hold-down screws. 

This meter-relay can be supplied with coils for 0.2 micro- 
amperes to 10 amperes or 0.1 millivolts to 500 volts. With 
internal rectifiers there are similar ranges for AC. Contact 
arrangements are: single high, single low or double (high 
and low). 


Assembly Products Inc. 


Era Chesterland 20, Ohio 
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within @ non-magnetic 
Alnico magnet attached 


this is Magnetrol. 


/ 


MAGNETROL 


AS DEPENDABLE AS MAGNETIC FORCE ITSELF 


@ No matter how specialized the 
liquid level control application, 
adapting Magnetrol to meet it 
presents no problem. Whether 
it’s for high pressures, high tem- 
peratures, corrosive liquids or any 
other condition, a few “standard” 
modifications and the job is done! 
Operation is so simple no changes 
in basic design are needed. That's 
why Magnetrol “fits” practically 
any application — why “specials” 
are so often standard with us. 

Because of the utter simplicity 
and dependability of its magnetic 
principle, Magnetrol has infinite 
operating life. There are no wear- 
ing parts to get out of order. 


Magnetrols are available for 
controlling level changes from 
.0025-in. to 150-ft., with single 
or multi-stage switching. Our 
experienced engineering staff is 
at your service. 


MAGNETROL, Inc. 


WHY NOT MAIL THE COUPON— NOW 


., 2120 S. Marshall Bivd., Chicago 23, IIlinois 











Please send me catalog data and full information on 


Magnetrol Liquid Level Controls. 


MAGNETROL, Inc 
Name 

Company 
Address. 
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to a mercury switch. Basically, 
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eyes for 
the silent service 


During her history-making voyage 
under the Polar icecap, the Nautilus, 
like all other submarines in the 
atomic fleet, carried two periscopes 
designed and manufactured by 
Kollmorgen. The high degree of 
optical and mechanical skill required 
to produce these periscopes can be 
drawn on to solve your remote view- 
ing and inspection problems. For 
literature, write Department 13N. 


KOLLMORGEN 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
CIRCLE 156 on Inquiry Card 





DEHYDRATION OF GASES 
PRESSURES UP TO 12,000 PSI 


New Leakproof Design 
— Chambers and Car- 
tridges “‘O” Ring sealed, 
no possibility of gas by- 
passing the cartridge. 


No tools required to 
change cartridge or 
Mechanical Filter Ele- 
ment for cleaning. 


Manual or Automatic 
Units. Portable, station- 
ary or airborne instal- 
lations. 


WRITE FOR DETAILS 


2350 E. 38th St., Los Angeles 58, Calif. 
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> new products 


High Speed Commutator 


Up to 100 inputs can be sampled at 
rates up to 30,000 per second with this 
new high-speed, ground based commu- 


tator Type 25-1101. Built with solid state 
elements, it will accept either ac or dc in- 
puts from 10 mv to 6 volts, and is 
adaptable for FM or AM data systems 
and telemetering systems. Also available 
from Wiancko is 12 oz airborne 30 chan- 
nel commutator. Wiancko Enginecring 
Co., Pasadena, Calif. 
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Flight Temperature Monitor 

fhe CTI-10-2D instrument is designed 
for sequential monitoring of 20 critical 
temperatures in aircraft. It requires no 


BALANCE ANE COMMUTATOR 
POWER UN ASSEMBLY 


* 
NDICATING AND 
WARNING UNIT 


external amplification, employs magnetic 
and transistor circuitry, and covers a 
range from 0°F to 1600°F. 
indicating and warning unit, balance and 
power unit, and a commutator assembly. 
Built-in calibration allows operational 
checkout and range change in flight. 
Arnoux, Corp., Los Angeles, Calif. 
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Consists of 


Two Stage Pneumatic Regulator 


Designed for pressurization of instru- 
ment air bearings on missiles, this light 


weight regulator embodies a multi-pops 
feature to insure close regulation of ouple 
pressures between 50 and 30 psig wi 
+0.2 psi at inlet pressures varying hal 
tween 3000 and 300 psig. Flow rates upg 
these conditions are 8 to 20 scfm, Ing 
porates solenoid operated shut off 
plus internal relief valve. Wallace 4 
Leonard, Inc., Pasadena, Calif, 
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Decode Counters 


Using a sealed beam switching tube 
maximum reliability this new Burrough 
decode counter is designed for operati 


at frequencies up to 100 kc. It has 

electrical outputs for printing and pre 

ting and is constructed with modula 
printed circuits. Model DC-106-A q 
tains a Nixie indicator for visual numé 
ical presentation. Model DC-106-B is @ 
signed for remote indication. Burrougl 
Corp., Electronic Tube Div., Plainfiel 
N. J. 
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Radar Target Simulator 

his complete microwave radar test 
is capable of simulating targets u 
completely dynamic conditions. RTS 


" 
AF : 7% 


consists of target generator and movil 
video target simulator. Continuous adj 

able target velocities up to 5000 feet pé 
sec, accelerations up to 30 g’s, and range 


ts 


up to 30 miles are available in standa 
unit. Special models built to specificatio 
Remanco, Inc., 1630 Euclid, Santa Mom 
ica, Calif. 
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At Cape Canaveral, the coed stage autopilot and guidance system are checked : 


Project Able, carried out by Space Technology Laboratories for the Air Fo 
has provided scientific data of fundamental importance for successful penetrat 
of the atmosphere from space. 

The first Able launch occurred April 23, 1958, only four months after the ini 
design discussions. During those four months STL’s Electronics Laborat 
designed, fabricated, tested and installed the second stage autopilot, guidance 
ali electrical and electronic systems, including missile and ground telemetry 
checkout equipment. 

This effort illustrates the contribution of Space Technology Laboratories 
specific experimental application, from designing, packaging and testing of hi 
ware, to complete field operations. 

A number of openings are currently available on our Laboratories’ staff for th 
who can make significant contributions to space flight programs. 


SPACE TECHNOLOGY LABORATORII 


5730 ARBOR VITAE STREET © LOS ANGELES 45, CALIFORD 











global vision 


detailed viewing 
adverse conditions on land, in the 
air and under the sea presents spe- 
cial problems. Kollmorgen observa- 


Accurate, under 


incorporating 
photographic 


tion systems, some 
television or special 
equipment and measuring devices 
are solving these problems in in 
dustry and defense. For literature, 


write to Department 23N. 


KROLLMORGEN 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
CIRCLE 158 on Inquiry Card 


MEASUREMENTS’ 
New STANDARD 
PULSE GENERATOR 








MODEL 179 

= Price. . . $365 

The Model 179 is uniquely suited for produc- 

tion and laboratory work where pulses of 

known repetition rate and width are required. 

It is extensively used in TV, radar, computer 
and nuclear fields. 


© Wide, calibrated frequency range — 60 cps to 100 Kc 
© Continuously variable calibrated pulse width 
© Triggered and free-running operation 


© High-amplitude positive and negative 
pulses ...+200v to—150v 





WRITE FOR 
BULLETIN 


MEASUREMENTS 





A McGraw-Edison Division 
i-Rekes. Baek, Mam. 5 a) wns «2° s -& ag 
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> new literature 


New publications that will keep you up-to-the-minute on developments. 
Catalogs are sent direct by the manufacturer without cost or obligation. 
Circle Code Number on the Readers Service Postpaid Postcard, Page 147. 














Kearfott Components Catalog Sheets 

This group of technical data sheets, 
brochures and leaflets affect these catalog 
sections: tachometers, synchros, electronics, 
mechanisms and others. Covers new ma- 
terial and recent revisions of present cata- 
log sheets. Kearfott Company, Inc., Clif- 
ton, New Jersey. 


CIRCLE 401 on Inquiry Card 


Miniature Circuit Breaker 

The design and development of a very 
small, low amperage (4 to 5 amp ratings) 
circuit breaker, the Klixon 7274-1, is de- 
scribed in this literature. A thermal 
breaker of the manual reset type, MIL- 
C-5809C (ASG), is designed for aircraft, 
radio and electronic industries. Metals 
and Controls Corp., Attleboro, Mass. 


CIRCLE 402 on Inquiry Card 


Electronic Test Equipment 

Catalog E lists 38 new and improved 
precision instruments in 64 pages, plus a 
new expanded accessories section. Also 
contains a discussion of current techniques 
for use of signal generators and a re- 
actance nomograph. Measurements (Mc- 
Graw-Edison), Boonton, New Jersey. 


CIRCLE 403 on Inquiry Card 


Thermocouples 

This recently issued catalog describes 
Aeropak thermocouples for nuclear, mis- 
sile aircraft, industrial and process users. 
Special feature is versatility of tempera- 
ture range: 400° to 2000°F; diameters of 
.025 inches directly on thermocouples; 
pressure tight to 50,000 psig. Aero Re- 
search Instrument Co., Chicago, III. 


CIRCLE 404 on Inquiry Card 


Pressure Pickup 

Here is an advanced pressure pickup 
series that has been designed specifically 
for precision measurement of absolute, dif- 
ferential and gage pressures in extreme 
acceleration and vibration environments. 
Successful operations under 25-g vibra- 
tion up to 2000 cps. Wiancko Engineering 
Co., Pasadena, Cal. 


CIRCLE 405 on Inquiry Card 


Transistorized Memory System 
Engineering data sheet on transistorized 
sequential load-unload 144 character mem- 
ory system includes physical characteris- 
tics, control signals, speeds and principles 
of operation. Advantages number compact 








size, simplicity of maintenance, wide temp. | 
erature range and variable character /bit ' 
lengths. General Ceramics, Keasbey, Ney 
Jersey. 


CIRCLE 406 on Inquiry Card 


Infrared Interference Band Filters 
One-page bulletin 302-IR describes jp. 
terference band filters for the infrarej 
spectral region from 1000-2000 my. Type 
include homogeneous (infrared band, jp. 
frared precision band) and _ continuoys 
running filters. Fish-Schurman Corpor 
New Rochelle, New York. 
CIRCLE 407 on Inquiry Card 


—— ) 





tion, 


Optical Level Indicator 

Information on a new optical level in 
dicator which contains no moving parts or 
relays, providing extremely accurate, fas 
and reliable indication and control of } 
quid level. Designed for uses in water-a 
cohol mixtures, aviation gas, jet and by. 
drocarbon fuels and oils. Revere Com, 
Wallingford, Conn. 


CIRCLE 408 on Inquiry Card 


Se Se 


Firewel Facilities 

facilities for aeronautical 
and astronautic products plus missile 
hardware are featured in this new br 
chure. Pictorially the brochure shows the 
diversity of operations in the plants and 
the variety of manufactured products 
Firewel Co., Buffalo, N.Y 


CIRCLE 409 on Inquiry Card 


Facts about 


= 





wee. 


Doppler Navigation System 

This new brochure contains a resume o 
characteristics of the Laboratory for Elec | 
tronics AN/APN-105 Doppler radar naw 
gator. Includes description of equipment 
which weighs only 210 pounds, occupies 
less than 7 cubic feet. Future application 
are expected in commercial airlines field 
Electronics, Boston, Mas. 


oe 


Laboratory for 


CIRCLE 410 on Inquiry Card 


eee 


Do-It-Yourself Computer ’ 
Complete details are now available o 
analog computing equipment that you ai : 
put together yourself. Everything from op 
erational amplifiers and regulated powé 
supplies, operational central 
components and passive operational plug 
ins for manifolds is covered. Philbrick Re 

searches, Inc., Boston, Mass. 


CIRCLE 411 on Inquiry Card 


manifolds, 


ISA Journal 
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“DEMI 54” 


5 Valve Manifold 
for integral mount- 
ing on cleanout type 
Manometer. Pack- 
less design, 2 shut 
off valves, one by- 
pass valve, 2 vent 
valves. Other 3 or 
5 valve models avail- 
able with or without 
special manometer 
mounting. 



















> 


BLOCK VENT VALVE 


3 balanced valves, 2 
reverse acting and 1 di- 
rect acting, actuated by 
one operator. With 0 to 
3 psi control air, the 2 
reverse acting valves are 
closed, center valve vent- 

At 6 psi control air, 
all valves closed. At 12 
to 15 psi, the 2 reverse 
acting valves are open 
and the vent valve is 
closed, allowing free 
flow through body. Design 
pressure 1800 psi. Teflon, 
Chevron packing. Teflon 
seating for tight shut off. 


Throttling 
standard control 


psi and 500°F, 


renewable trim, 


surfaces, low in 


at 


of 0.6 and below, up to 1 


steel and Teflon only wetted 


and weight, 2000 series ‘‘Ban- 
tam’ Control Valves available 
for on-off service. 


valve uses, Cv 


characterized, 
316 stainless 


hysteresis size 





“MITE” 70 


Pneumatic signal monitor. Embodies safety 
trip-out with manual or remote pneumatic 
reset. 250 PSI maximum pressure with trip 
adjustment for lock-up or vent from 1 to 100 
PSI. Standard materials blue anodized alumi- 
num. Other materials and models with integral 
two or three-way valves available. 


WHIFFLETREE 
OPERATOR 


Two valves oper- 
ed simultaneously 


MIN PURPA VEU, & From Pilot Plant to Process 


“BANTAM” 500 SERIES 
VALVE 


“Bantam”  Dia- 
phram Control Valves for all 


“DEMI” PACKLESS 
VALVE 


For services when 
pecking is a problem, 
manifolding of small 
valves in one unit at 
low cost. For services 
up to 750 psi and 
500°F, screw, toggle, 
or diaphragm oper- 
ated, the ‘“‘DEMI” line 
is ideal for panel 
mounting up to five 
valves in one block. 





_ 


CONSTANT VOLUME 
REGULATOR 


Fully automatic regula- 
tion provides constant 
volume output of gas 
or air regardless of fluc- 
tuating pressure drop. 
Capacity control by 
micrometer adjustment 


by one operator. 
Valves may be globe 
or three-way an 

have a multitude of 
piping arrangements 
for mixing and rout- 


assures accuracy of de- 
sired output volume 
from 5.0 to 180 SCFH 
at pressure differentials 
from 1 to 25 PSI. Brass 
Body. 





MANUAL 
RESET 


Wherever con- 
trol air on danger- 
out or toxic proc- 
ess flows must be 
blocked for safety, 
on air failure until 
manually reset, 
these valves insure 
against disaster. 
Standard sizes 4" 
and 2" 1.P.S. 





DIAPHRAGM OPERATED 3-WAY > 
CONTROL VALVE 


Aluminum diaphragm operator, stainless steel 


body and trim, Teflo 
for tight shut off. A 
screwed. 


ing applications. 





AIR OPERATED 
CONTROL VALVE 


Miniature diaphragm oper- 
ated contro! valve. Barstock 
construction with bolted 
bonnet and blindhead. Con- 
nections from Y%" to 1” 
NPT. Cv. from .001 to 10.0. 
Direct or reverse acting 
operators for control ap- 
plications. Extension bon- 
nets for extreme tempera- 
tures available. 


Teflon seating 


nm packing 
P flanged or 


vailable 








REPRESENTATIVES 


Write us for complete technical information, or 
for the address of our representative in your area. 


IN PRINCIPAL 


CITIES 














2 


THROTTLING 
CONTROL VALVES 
WITH TOP 
MOUNTED MOORE 
POSITIONER 


Compact, accurate and 
rugged. Light weight. 
Sizes from Y%" to 1” 
NPT. Flanged connec- 
tions available. Bar- 
stock bolted bonnet, 
blindhead and body. 
Cv. from .001 to 10.0 
—_ pressures to 1000 
PSI. 











MINIMUM VOLUME MANIFOLD 


A compact manifold consisting of five pack- 
less valves having .0006 cubic inches vol- 
umetric displacement. Can be cam actuated 
for programming applications. Soldered, 
welded, tubing or NPT connections with 
applicable materials of manufacture for 
high temperature and high pressure service. 


: GEORGE W. DAHL COMPANY, INC. so ruptio street, Bristol, R. |. 


urndl | 


November 1958 
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eyeway 
to a hot cell 


A number of reactors——including the 
newest commercial one at Shipping- 
port—-use KOC periscopes for un- 
derwater inspection of fuel elements. 
These devices are dramatic demon- 
strations of Kollmorgen’s ability 
to solve remote viewing problems 
through a skillful combination of 
optical and mechanical knowledge. 
For literature, write to Dept. 33N. 


KOLLMORGEN 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
CIRCLE 161 on Inquiry Card 


How To Get Things Done 
Better And Faster 
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BOARDMASTER VISUAL CONTROL 

yy Gives Graphic Picture — Saves Time, 
Saves Money, Prevents Errors 

yx Simple to operate — Type or Write 
on Cards, Snap in Grooves 

vx Ideal for Production, Traffic, 
ventory, Scheduling, Sales, Etc. 

yy Made of Metal Compact and At- 
tractive. Over 300,000 in'Use 


Full price $49.50 with cards 


FR FE 24-PAGE BOOKLET NO. B-10 
Without Obligation 
Write for Your Copy Today 


GRAPHIC SYSTEMS 


55 West 42nd St., e New York 36, N.Y. 
CIRCLE 162 on Inquiry Card 


In- 
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| > new literature 


Tone Signalling Equipment 

“Building blocks” for communications 
systems — complete tone generator and 
tone detector circuits employing Frahm 
Resonant Reed Oscillator controls and re 
lays are outlined in bulletin 33-34. Obtain 
multiple signals over a single channel in 
selective calling, monitoring, etc. James 
G. Biddle Co., Philadelphia, Pa. 


CIRCLE 412 on Inquiry Card 


Utility Packaged Amplifier 

Tentative data on utility packaged am- 
plifier. Novel mechanical design combines 
a new level of circuit flexibility with the 
reliability of computer grade, printed cir- 
cuit, operational amplifiers. Characteristics 
are fully detailed in this 16 page illus- 
trated bulletin. George A. Philbrick Re- 
searches, Inc., Boston, Massachusetts. 


CIRCLE 413 on Inquiry Card 


General Radio Experimenter 

Equipment leasing—mcethods and bene- 
fits—is described in the August-Septembet 
issue of General Radio Experimenter. 
rhere’s a run-down on a new-design 20- 
ampere Variac autotransformer that’s 
more adaptable than its predecessors. De- 
scribes a redesigned Unit Regulated Pow- 
er Supply. General Radio, Cambridge, 
Massachusetts. 


CIRCLE 414 on Inquiry Card 


High Current Connector 


Illustrated bulletin gives specifications, 
outline dimensions and general informa- 
tion on new Series C-2, two-contact hexa- 
gonal, high current connector. This min- 
iature component is suitable for high al 
titude applications requiring high voltage 
breakdown under critical environmental 
conditions. DeJur-Amsco Corporation, 
Long Island City, New York. 


CIRCLE 415 on Inquiry Card 


Portable Pressure Test Set 


Complete information and application 
of a portable vacuum and pressure in 
strument test set given in the 4-page bul 
letin VPT-7A. Points out which aircraft 
panel instruments and gages can be test- 
ed with the unit. Operated by one man, 
the unit provides fast, accurate, conven- 
ient testing. Intercontinental Dynamics 
Corp., Englewood, New Jersey. 


CIRCLE 416 on Inquiry Card 


12 Channel Recorder 


Developed to meet the need for a com 
pact, high speed, multi-channel quality in- 
strument, this model features true recti- 
linear motion with excellent transient re- 
sponse and is free of resonant peaks, over- 
shoot and ringing. Wide frequency range, 
pushbutton selection. Data sheet RE-12. 
Massa Cohu Electronics, Hing 
ham, Massachusetts. 


CIRCLE 417 on Inquiry Card 
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Outstanding 
Accuracy 


PALMER 


| Dial Thermometer 


aS 











Check these functional features | 


® Direct-drive Bourdon Coil with 
a filled system for longer 
lasting accuracy. 


@ Stem can be placed at any desired 
angle and case can be rotated | 
to most readable position. 


® External calibration for zero setting. 


*® Unaffected by stem alignment. 
© Accurate to one scale division. 

*@ No sticking at any temperature. 

® Non-corrosive case. 


PALMEI 





THERMOMETERS, INC 


Mfrs. of Industrial Laboratory, | 
Recording and Dial Thermometers 


2515 Norwood Ave., Cincinnati 12, 0 
CIRCLE 163 on Inquiry Card 


ISA Journal 
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Miniature Sensitive Relay 


Designed to operate efficiently on DC 
coil signals at sensitivities from 20 to 100 
milliwatts, this relay is available with 
either single-pole double-throw or dou- 
ble-pole double-throw switch arrange- 
ments. Descriptive literature available. Co- 
mar Electric Co., Chicago, II. 


CIRCLE 418 on Inquiry Card 


Toroidal Cores 


Handbook for designers on the use of 
Genalex toroidal cores covers such things 
as permeability, temperature, co-efficient 
of inductance, d-c stability, core size and 
finish. Complete graphs and data on the 
loss characteristics. Twelve pages. Wallace 
FE. Connolly and Co., Menlo Park, Calif. 


CIRCLE 419 on Inquiry Card 


Altitude Test Chambers 


Unique advanced designs built to cus- 
tomers’ specifications are the latest step in 
walk-in altitude sand and dust testing 
chambers. Publication describes several 
sizes of test chambers including altitude- 
temperature-humidity test chamber with 
completely automatic operation and _ re- 
cording. American Research Corp., Farm- 
ington, Conn. 


CIRCLE 420 on Inquiry Card 


Transistor Servo Amplifiers 


Miniature transistor amplifiers 
are described in bulletin 501-2, two illus- 
trated pages giving complete performance 
specifications and application data. The 
light-weight, encapsulated components use 
silicon transistors to provide reliable per- 
formance over wide temperature ranges. 
Librascope, Inc., Glendale, California. 


CIRCLE 421 on Inquiry Card 


servo 


Measuring Airborne Particles 


Complete line of ait samplers, filters and 
filter adapters described in {-page bul- 
letin 1H 4. High volume air sampler unit 
is designed for accurate sampling of large 
volumes of air for particulate matter. 
Widely used in government atomic energy 
testing and development of nuclear equip- 
ment. The Staplex Co., Brooklyn, N. Y. 


CIRCLE 422 on Inquiry Card 


GE Space Research 


Applied research in space technology, 
plasma dynamics, and hypersonics is de- 
scribed. New booklet includes summaries 
of five Principal operations in the G-E 
Missile and Ordnance Systems Depart- 
ment’s Aerosciences Lab at Philadelphia. 
Detailed drawings of new shock tunnel. 
General Electric Missile and Ordnance 
Systems, Philadelphia, Pa. 


CIRCLE 423 on Inquiry Card 


November ] 958 
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.. SENSITIVE TO TEMPERATURE 
CHANGE ONLY 


..-UNAFFECTED BY VIBRATION 
, > OR OTHER 
~~ ENVIRONMENTAL CONDITIONS 


Here is a new super high temperature 
thermal switch designed for extremely 
high temperature applications where 
very high, close temperature 
calibration is required with repeated 
operations. And, its rugged, compact 
construction provides high resistance 
to vibration. 


Providing a fast, accurate response 
under extreme service conditions, 

this new design switch has a 
temperature range for continuous 
operation from as low as minus 20°F 
to as high as 1750°F with safe 
momentary overshoots to 2200°F. It is 
constructed of special stainless 

steel alloys with single or two wire 
leads, and has a resistive rating 

of 1% amperes at 28 volts D.C. This 
lightweight (it weighs only two ounces) 
switch is available with contacts 
normally open or normally closed. 


Investigate this CPI super high 
temperature switch — applicable to 
such uses as jet engines, 
gas turbines, rocket motors, 
after burner control — in fact, 
anywhere that high temperature 
control is a problem. 


engineering data. 
Ask for Catalog IS 


New catalog gives 


When temperatures are high (or low), 
specify CPI. 


aucrs, inc. 


HARRISON, N. J. 
For More Data CIRCLE 164 on !nquiry Card 
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missile watcher 


At the Cape Canaveral 
launching site, detailed observation 
from a safe distance is imperative 
at the critical moment of firing. A 
Kollmorgen missile periscope makes 
this possible. By effectively com- 
bining optical and mechanical skills, 
Kollmorgen produces complete re- 
mote viewing, testing and inspection 
instruments for industry and de- 
fense. For literature, write Dept. 43N. 


missile 


KOLLMORGEN 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
CIRCLE 165 on Inquiry Card 


MARQUARDT 


Professional Personnel 
Requisition 








ELECTRONICS 
RESEARCH ENGINEER 


(Instruments) 


Responsible for nuclear instru- 
mentation - fission chambers, ioni- 
zation chambers, counters - for nu- 
clear ramjet development. Must 
know nuclear calculations for in- 
strument moderation and shielding. 
Work deals with very high tem- 
perature and severe vibration en- 
vironments, 


Will establish instrumentation 
specifications, conceive packaging to 
fit application, plan test programs, 
and coordinate work with outside 
agencies. 


Degree in Engineering or Physics 
with appropriate advanced study 
and experience. Small, responsible 
engineering group provides profes- 
sional environment. 


Contact: Floyd E. Hargiss, Mana- 
ger, Professional Personnel, Mar- 
quardt Aircraft Co., 16558 Saticoy 
Street, Van Nuys, California. 


t 


_MArqQMardt sien is 


VAN NUYS ALIFORNIA OGOEN. UTAH 
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> new literature 





Engine Test Systems 


Information on the automatic data re 
cording and monitoring system designed 
for acquiring and processing data from 
rocket or jet engines featuring a small 
general purpose digital computer as an 
integral part of the system. Lists advan 
immediate answers, high accu 
inputs. Consolidated 


tages 
acy, flexibility of 
Electrodynamics, Pasadena, Cal. 


CIRCLE 424 on Inquiry Card 


Power Supplies 


Bulletin 350A, up-dating the original 
four-page bulletin, includes new models 
and complete specifications. Models are 
listed according to use with transistor 
equipment, for calibration, for automatic 
control applications and for computer and 
general utility purposes. Electronic Meas 
urements Co., Inc., Eatontown, N.]. 


CIRCLE 425 on Inquiry Card 


Cam Cperated Relay 


Shock resistant, can be used for cam- 
switching, alternate on-off operations, o1 
as a “stepper.” Summary of technical data 
znd ordering information contained in 4 
page illustrated bulletin RH-3. Mounting 
data on back cover. Automatic Electric, 


Northlake, Illinois. 
CIRCLE 426 on Inquiry Card 


Size 8 Synchros and Servo Motors 


Illustrated bulletin 501A gives specifi 
cations and outline drawings on synchro 
transmitters, transformers, receivers, and 
differential transmitters with stainless steel 
housings and thru-bore construction; set 
vo motors offering high ratio of stall tor 
que to power input; bulletin also covers 
servo amplifiers. United Aircraft Corp., 
Long Island, New York. 


CIRCLE 427 on Inquiry Card 


Precision Analog Computer 

Unique packaging, giving unobstructed 
access for maintenance, is illustrated in a 
four page folder which contains 14 pages 
of specifications and description. De 
scribes features such as adaptability for 
high speed repetitive operation, automatic 
problem check. Mid Century Instrumatic, 
New York, New York. 

CIRCLE 428 on Inquiry Card 


Transistorized Digital Modules 


Illustrated catalog Supplement A gives 
descriptive information and specifications 
on serial memory unit, static flip-flop, in 
dicator panel and thirty unit delay chas- 
sis. Advance information on newly avail 
able equipment. Eight pages on these new 
products. Computer Control Company, 
Inc., Wellesley, Massachusetts 


CIRCLE 429 on Inquiry Card 





LINEAR 
ACCELEROMETER 


RELIABILITY 
AND ACCURACY AT 
—-65S° F 
TO +200° F 





| 
| 
The remarkable gas-damping feature of 


the Model A501 answers critical missile 


and aircraft testing demands for an a 


celerometer of accurate, reliable open. 
tion over a wide temperature range 

without the use of a heater jacket. The 
Model A501 produces—flat up to 5 
cycles per second—reliable signals tor § 


rapidly changing acceleration 


a 








+5 to +509 
Excitation: 5 volts DC or AC (rms) 


Range 


Output: +20 millivolts 
Non-linearity and Hysteresis: 
Not more than +1% full scale 

Weight: 64 ounces 


For detailed technical data to answer your needs, 
write for Bulletin A501TC. 


INSTRUMENTS, INC. 





12401 W. Olympic Blvd., Los Angeles, Call. 
CIRCLE 166 on Inquiry Card 
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eature of | 
al missile ) 
‘Or an a 
le oper. 
range 
ket. The | 
|p to 50) 


mals fo | 
| 


1 
' 
1 
1 
ns) 
yur needs, 


) | 





es, Call | 
ard 


ournal 


High Pressure Valves 

Comprehensive data on 
hydraulic and pneumati 
craft, missiles and_ rockets. 
drawings, flow charts, _ production test 
specifications on 48 different solenoid 
valves, open or closed in six 
Can handle hydrogen peroxide, 
acid, helium, and other fluids, Skyvalve, 


high-pressure 
valves for ait 
Dimensional 


positions. 
nitric 


Inc. Syracuse, N. Y. 
CIRCLE 430 on Inquiry Card 


Leeds and Northrup Bulletin 

Roundup of instrumentation applica 
tions in the far Western states. Stories in 
cluded on instrumentation at USAF Roc 
ket Engine Test Lab, Edwards AFB; Ideal 
Cement Co.; Uranium Reduction Co.; Boe 
ing Airplane Co.; Colorado Fuel and Iron 
Co.; Statham Instruments; Pacific Clay 
Products. Leeds and Northrup, Phila 
delphia, Pa. 

CIRCLE 431 on Inquiry Card 


Lookin’ for Synchros? 

It says “synchros” on the cover of this 
three page folder-type bulletin. That's 
what it’s about, too. Also servomotors, 
tachometer generators and 
equipment. Specifications, including gov 
ernment designations. Muirhead and Com 
pany, Ltd., Beckenham, Kent, England. 


CIRCLE 432 on Inquiry Card 


synchro test 


Thermocouple Wire 

New bulletin on platinum and _ plati 
num-rhodium wire lists 
complete specifications for both standard 


thermocouple 


and premium grades. Also available is 
comprehensive catalog presenting details 
on all Bishop fabricated platinum pro- 
ducts, salts, and services; data sheets on 
applications. J. Bishop and Co., Malvern, 
Pa. 

CIRCLE 433 on Inquiry Card 


24-Page Manometer Catalog 2008 

Illustrated, detailed description of man- 
ometers for measuring pressure and vac- 
uum in plants and labs. Sections on U- 
type, well-type and inclined tube mano- 
meters, indicating liquids and accessories. 
Complete specifications. Tells how to se- 
lect manometers. King Engineering Corp., 
Ann Arbor, Mich. 


CIRCLE 434 on Inquiry Card 


Transistor Digital Circuits 

Engineering brochure and bulletins give 
complete list of available circuit types, 
loading and load types they can drive, 
typical applications and packaging descrip- 
“ion. Lists component circuit types with 
their specifications and wiring data. Flex- 
ible, useful and economical. Epsco, Bos 
ton, Massachusetts. 


CIRCLE 435 on Inquiry Card 
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The float extension, see above, con- 
tains a magnet. When the magnet 
moves in the extension tube, the 
follower (outside the extension tube) 
follows. The follower position, in 
relation to the meter scale, indicates 
rate of flow. 


HAZARDOUS FLUIDS 


HIGH PRESSURE FLUIDS 


STEAM 





SK Metal-Tube (Armored) Rotameters 
were specially designed for measuring 
the rate of flow of hazardous fluids, 
fluids under high pressures, and steam 
in chemical, petroleum, and other 
industrial plants. 

These SK Rotameters combine accu- 
racy with sound design and sturdy 
construction to provide an easy-to- 
apply, easy-to-use instrument of 
considerable versatility. For, the 
Metal-Tube Rotameter can be used 
for direct reading or it can be arranged 
for remote indicating, recording, or 
controlling of fluid rate-of-flow. 

This instrument is made for tough 
service—has a tapered metal tube with 
flanged connections as shown, metal 
extension tube, float with magnetic 
extension, magnetic follower, meter 
scale, and a sturdy “Safeguard Type”’ 
indicator case. 

Get complete details. Write to SK 
for new Bulletin 19A. 


Schule and Koerling COMPANY 


INSTRUMENT DIVISION 


For More Data CIRCLE 167 on Inquiry Card 


2253 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA 
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a major cause 











fire control 


means 


Where hit or miss life or 
death, Kollmorgen fire control de- 
vices put the projectile on target 
and keep it there. Combining opti- 
cal, mechanical and electronic skills, 
these devices demonstrate the type 
of highly precise instrumentation 
work Kollmorgen is prepared to do 
for you. For literature on fire control 


write to Department 53N. 


KOLLMORGEN 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
CIRCLE 168 on Inquiry Card 


TANKOMETER 


FOR MEASURING TANK CONTENTS 
ANY DISTANCE AWAY 









TANK MAY BE BURIED, 
ELEVATED, OPEN, 
CLOSED, VENTED OR 
UNDER PRESSURE OR 
VACUUM 

























\ LIQUID 


\ 
XY / 


















Also gauges for: 

Barometric Pressure (Mercury Column) 
Absolute Pressure (Mercury Column) 
Pressure and Vacuum 
Differential Pressure 
Inclined Manometers for draft, 
pressure or differential pressure. 


SEND FOR BULLETINS 


UEHLING INSTRUMENT CO. 


463 GETTY AVE., PATERSON,N. J. 





CIRCLE 169 on Inquiry Card 
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Acoustical Vib-zation Testing 

This new bulletin describes high-inten- 
sity acoustical vibration testing as applied 
to aircraft and missile components. A com- 
plete facility simulates noise environment 
of jet and rocket engines, unexpected mal- 
functions not equivalent to those produced 
shakers described. 
Lynwood, 


| of servo valve 


also 


Cal. 


by mechanical 
Rototest 


CIRCLE 436 on Inquiry Card 


Labs, 


Giennite Systems 


“Measurements and Controls,” a four 
page illustrated brochure, _ highlights 
Glennite instruments and instrumentation 
systems for shock, vibration, pressure, in- 
ertial control, temperature and other de- 
vices for use as single components or in 
complete systems. Gulton Industries, Inc., 
Metuchen, New Jersey. 


CIRCLE 437 on Inquiry Card 


100 Page Battery Manual 
Comprehensive manual on the use and 
selection of dry batteries ranging from 142 
to 510 volts and weighing from .013 to 16 
Ibs. Practical data includes: ASA reference 
letters and numbers, number and size of 
cells used, weight, maximum physical di- 


mensions, detailed service life graphs, vol- | 
used. | 


tage taps and types of terminals 


Burgess Battery Co., Freeport, Illinois. 
5 


CIRCLE 438 on Inquiry Card 


Microwave and UHF Test 
Equipment Catalog 


Illustrated, 84-page catalog describes ex- 


panded line of test equipment and com- 


ponents; special section on custom engi- 
neered devices. Helpful illustrations of 
typical component set-ups for measuring 
impedence, attenuation and other prob- 
lems of waveguide and coaxial systems. 
Narda Microwave Corp., Mineola, N. Y. 


CIRCLE 439 on Inquiry Card 


Oscillographs and Amplifiers 

Detailed engineering specifications, elec 
trical characteristics and construction of 
a wide variety of direct-writing oscillo- 
graphs and associated amplifiers in eight 
page bulletin 210, which describes oscillo- 
graphs using ink-writing pens, electric 
stylus and heat Photron 
Instrument Co., Cleveland, Ohio. 


CIRCLE 440 on Inquiry Card 


sensitive stylus. 


Miniature Transducer 


Instruments discloses 
on a remarkably small flush 
phragm pressure transducer of the 
liable unbonded strain gage type. With a 
diameter of 0.25 inches and a length of 


Statham 
new, 
re- 


0.31 inches, this new model is approxi- | 


mately one half the size of similar minia- 
ture instruments now in use. Statham In- 
struments, Inc., Los Angeles, Cal. 
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New 
MICROWEB | 
FILTER | 


. . . Cleans missile and aircraft hy. 
draulic fluids of a// particulate con 
taminants 0.45 micron and larger. | 


This is the new process volume form of } 
| the famous Millipore filter — a unique 
plastic screen with 50 million precisely | 
dimensioned pores per sq. cm. of surface 
area, with 100% cut-off at 0.45 micron 


MF Microweb filters are now being 
used to clean hydraulic fluids (1) before 
storage in tanks (2) on fill/flush/bleed 
stands both during missile manufacture 
and field testing and (3) by component 
manufacturers for flush cleaning and fil | 
- They are also in use filtering critical 
lubricating oils, ultrasonic cleaning fluids, | 
process air and gases wherever close: 
tolerance clarity is essential. 


Microweb apparatus, including stain 
less steel filter holders, can be supplied 
in standard and special designs. 


NEW STANDARD 
OF PRECISION IN MICROFILTRATION 


bei 








' 
i 
; SEND FOR DETAILS — clip this |/ 
i coupon — attach it to yout | 
If letterhead — sign your name — | 
rr and mail to — 
it if 
tH MILLIPORE FILTER CORP. 
' Dept. IS, Bedford, Mass. | 
H _ 
lew 
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Coaxial Wavemeters 

Mico UHF coaxial wavemeters used for 
nd calibration work in the com- 
munication and missile fields are describ- 
ed in this brochure. Designed for general 
work of moderately high accuracy — up 
to .001 cm. All units are of the self-cali- 
brating co-axial type. Mico Instrument 
Co. Trowbridge, Mass. 

CIRCLE 442 on Inquiry Card 


testing 4 


Shedding More Light 
Dialco issues new information on the 
latest advances in pilot light and ‘amp de- 
sign including high brightness neon lamps, 
heavy duty oil tight pilot, ultra-miniature 
indicator lights, terminal sub-miniature 
indicator lights for instruments and pan- 
els. Dialight Corp., Brooklyn, N. Y. 
CIRCLE 443 on Inquiry Card 


Solatron Electronic Equipment 
In a colorful and unusually appealing 
booklet, Solatron Electronics describes re- 
cent advances in computers and in equip- 
ment that simulates problems found in 
the design of atomic reactors and tacti- 
cal requirements of modern air battles. 
Includes section on new science of cyber- 
netics. Solatron Inc., Camden, N. J. 
CIRCLE 444 on Inquiry Card 


Transistorized Frequency Converter 


Information on new, small-size transis- 
torized frequency converter for converting 
a-c signals from turbine flowmeters, tach- 
ometers and similar devices into d-c vol- 
tages or amplified pulse outputs is given 
in spec-sheet 50CF1130. Fischer and Porter 
Co., Hatboro, Pennsylvania. 


CIRCLE 445 on Inquiry Card 


Transformer Design Chart 


For the first time, a manufacturer has 
made available data on miniature trans- 
former design. The chart gives the com- 
mercial circuit engineer physical sizes for 
transformers after electrical power re- 
quirements are ascertained. Eliminates 
necessity for calling in suppliers prema- 
turely. James Vibrapowr, Chicago, III. 

CIRCLE 446 on Inquiry Card 


Allied Semi-Conductor Directory 


Thirteen major manufacturers produce 
the nearly 1,000 transistors and diodes 
available from Allied’s stocks at OEM pri- 
ces. Each transistor, diode and rectifier is 
listed by part number, manufacturer and 
Price. Directory will be revised several 
times each year. Allied Radio Corp., Chi- 
cago, Illinois. 

CIRCLE 447 on Inquiry Card 


Environmental Testing 


A new line of environmental test equip- 
ment especially designed for mass-testing 
of production components is described in 
illustrated bulletin 6. Environments ob- 
tainable include high-low temperature, 
altitude, humidity, vibration, shock and 
others. Wyle Associates, El Segundo, Calif. 

CIRCLE 448 on Inquiry Card 
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HOW TO METER 


Hard to Handle Liquids 


4 
| 
j 


Set for 175 Gallons 





Get 175 Gallons 


BUFFALO METER CO. 


2934 MAIN STREET 








Bottle washing plant of large brewery 


and do it Automatically 


That was the problem at a large brewery. 
The liquid was caustic soda. It had to be 
measured accurately and added to the water 
in the bottle-washing machine to remove 
labels and foreign matter. 


The liquid caustic was stored in two 
large tanks. By piping the liquid through 
Niagara Electricontact Meters, it was only 
necessary for the operator to set the meter 
dial hand to the desired number of gallons 
of caustic, then press a push button to start 
the delivery to the washing machine. Upon 
delivery of the preset quantity, the switch 
in the Electricontact Meter closes a solenoid 
to stop the flow of caustic. Simple... 


accurate ... and fool-proof! 


Let us show you how to solve your liquid 
metering problem to give you cost-saving, 
time-saving accuracy by automation. Write 
for complete information. 


e BUFFALO 14, NEW YORK 
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from ideas 
to instruments 


The sum total of the skills involved 
in the conception, design, develop- 
ment and manufacture of complete 
optical systems frequently cuts 
across many fields. Kollmorgen com- 
bines technical skill and complete 
facilities for highly precise work in 
optics, mechanics and electronics. 
These combined skills can help you 
solve your viewing, testing and in- 
spection problems. For literature, 
write to Department 63N. 


KROLLMORGEN 


optical corporation 
NORTHAMPTON, MASSACHUSETTS 
CIRCLE 172 on Inquiry Card 


PUMP 


Liquids WITHOUT 
Gases CORROSION 


Slurries CONTAMINATION 



















Wavelike 
Motion 
of Steel 
Fingers 


wh 






nr 


— —_ 





ee a 
Forces Material Through Tubing NY 
Capacities 
0.2 cc. per min. 
to 4.5 G.P.M. 


$60.00 to 
$550.00 





Prices range from 
depending on size 
and accessories 
Write for Catalog. 


SIGMAMOTOR, INC. 


39 North Main St. % Middleport, N. Y. 
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> new literature 





Vibration Monitoring 


Consolidated Electrodynamics describes 
a unique transistorized Airborne Engine- 
Vibration Monitor in the illustrated four- 
page bulletin 3011. The monitor features 
modular amplifiers, temperature stability, 
low power consumption, environmental re- 
sistant and superior pickups. Consolidated 
Electrodynamics, Pasadena, California. 


CIRCLE 449 on Inquiry Card 


Miniature Transformers 


Twenty-four page catalog details com- 
plete line of miniature, subminiature, 
transistor and _ industrial transformers 
available from stock. Features new tran- 
sistor transformers including DC to DC 
converters, rectifier units, etc. 
Micratron Company, Inc., Valley Stream, 
New York. 


silicon 


CIRCLE 450 on Inquiry Card 


Dynamic Analysis of Aircraft Gear 


This report covers simulation of aircraft 
arresting systems to be used in recovery 
of naval aircraft on land when runway 
lengths are at a premium. Basic system 
equations are developed by considering 
forces acting on system elements. Analog 
computer circuit for each operation is pre- 
sented. Electronic Assoc. Inc., Long 
Branch, N. J. 


CIRCLE 451 on Inquiry Card 


Meet Aero Service 


Prepared for the armed services and 
industry, this facilities brochure tells how 
geodesy, geophysics, special earth models 
and analogs might aid advanced technical 
studies and projects. Describes locating 
Dew Line stations from air, production 
of radar simulator maps for Navy and Air 
Force. Aero Service Corp., Philadelphia, 
Pa. 


CIRCLE 452 on Inquiry Card 


Portable Oscillograph Package 


Designed for applications normally con- 
sidered impractical for direct writing re- 
cording of electrical and physical pheno- 
mena, this portable 2-channel oscillograph 
package is complete with built-in ampli 
fiers. Fully described in 4 page Mark II 
bulletin. Brush Instruments, Cleveland, O 


CIRCLE 453 on Inquiry Card 


Semi Conducter-Circuit Filters 


Catalog sheet 302 giving technical de- 
scription, specifications, model numbers 
and prices on new line of transistor tran 
stent filters. Built to eliminate line con- 
Cucted transients t» the circuits and spur 
ious noise transmission to the line. ERA 
Electric Corporation, Nutley, N.]. 
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CEC SYSTEMS ) 
DIVISION 





Newest Projects: 


Cryogenics 


Missile Ground Support 


Nuclear Instrumentation 


New Facility: 


Lox Cleaning 


ce ee eee ee ee 


Consolidated 
@) Electrodynamics 


300 No. 


Sierra Madre Villa, 


Pasadena, California 
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MARQUARDT 


Professional Personnel 
Requisition 






































































INSTRUMENTATION 
ENGINEER 


Specification and design of instrument 
components and systems for ground test 
development and qualification testing of 
supersonic ramjet engines, jet engine 
components, inlet controls, nuclear pow- 
erplant controls, and emergency power 
units. Study future instrumentation re- 
quirements for nuclear facilities and au- 
tomation of test programs, utilizing ad- 
vanced analog and digital computer 
installations. 


Setup and operate instrumentation equip- 
ment in Marquardt Jet Laboratory, the 
West’s most diversified ground test fa- 
cility. Small work group offering speial- 
ized engineering support to Marquardt’s 
many development programs. 

























Degree in EE or Physics plus related work 
experience. 





Contact: Hargiss, Manager 









VAN NUYS, CALIFORNIA OGOEN 





Marquardt senso | 


ISA Journal 
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classified 


advertising 





WANTED: 75c per line, minimum 

rose. Box number counts as one line. 
Payable in advance. No discount. 

POSITIONS OPEN, etc.: $1.50 per line, mini- 


mum three lines. Box number counts as one 
line. 

50 characters and spaces per line. 

DISPLAY AD (up to 44%"): $14.00 per column 
inch. Minimum 1 column inch. 

All other size ads—standard advertising rates 

apply. 

core MUST SRR TE tte dRaRNAE: ANTE 


pG., 313 -" 
10TH OF MONTH PRECEDING DATE OF 
nes Vane PUBLICATION. 








POSITIONS WANTED 











ENGINEER: Experienced in design and 
manufacture of MgO Thermocouple Har- 
nesses and Assemoplies for military use. 
Write Box 2084, c/o ISA Journal 


INSTRUMENT AND ELECTRONICS 
TECHNICIAN. married, age 30, desires 
challenging work and opportunity for 
advancement. 1 year college, 1 year elec- 
tronics school, 2nd class radio license. 6 
years with major pipeline in all phases 
of automation, including some design and 
supervisory work. Write Box 2087, c/o 
ISA Journal. 


POSITION WANTED: ENGINEER-BSME 
PE, 31. Four years experience in corrosion 
field, two years experience in applying 
plant stream analyzers and data handling 
systems at a large refinery. Desire a posi- 
tion in advanced instrumentation manu- 
facturing. For resume write Box 2081, c/o 
ISA Journal. 





POSITIONS OPEN 











SALES & APPLICATION ENGINEER for 
Industrial Electronic Controls Manufactur- 
er. Write Box 2085, c/o ISA Journal. 


EXPERIENCED SALES ENGINEER need- 
ed in East, West, or Great Lakes States. 
Join fast growing precision electronics/ 
electro-mechanical firm. Unlimited oppor- 
tunity and top benefits. Write Box 2086, 
c/o ISA Journal. 





REPRESENTATIVE AVAILABLE 











CONTROL-TELEMETERING - INERTIAL 
INSTRUMENTS wanted by NY-NJ metro 
area rep. Effective sales coverage of re- 
lated lines to weapon system industry. 
Offering BSEE, limited principals, com- 
petent technician liaison. Prite Box 2083, 
ce/o ISA Journal 








LOOKING FOR A REPRESENTA- 
TIVE, WANT TO FILL A POSI- 
TION, LOOKING FOR A POSI- 
TION? These and many other 
kinds of company and individual 
needs are regularly filled by the 
ISA Journal. Send your copy, etc. 
to Classified Department, ISA 
Journal 313 Sixth Ave., Pitts- 
burgh 22, Pa. 








November 1958 





Ground Support Equipment 


Supplementary data on test 
ment for high accuracy gyros, rotary and 
electronic components, servomechanisms 
and systems is described in this new liter 
ature. Includes 
weapon system support equipment, man 
ual and automatic testing devices for field, 
bench or depot testers. Kearfott Co., Clif 
ton, N. J. 


CIRCLE 455 on Inquiry Card 


equip 


information on modules, 


Transistor Power Supplies 


Pertinent data on transistorized invert 
ers and converters, miniaturized power 
pack, power supplies for transistor appli 
cations, transistorized high current power 
supplies, transistor regulated DC power 
supplies, etc., in six-page catalog 112. Elec- 
tronic Research Associates, Inc., Ceda1 
Grove, New Jersey. 


CIRCLE 456 on Inquiry Card 


Gyro Primer 


The gyroscope — the unfortunate gad- 
get that took the rap for “Pioneer” — is 
fully explained for the edification of wives 
and precocious children in 65 page bulle- 
tin 600. Seriously, this one is full of in- 
formation on how gyros work, gyro terms 
and gyro operating principles. S. J. Perl 
man would be proud to have written it. 
United Aircraft, Long Island, New York. 


CIRCLE 457 on Inquiry Card 


Pressure-Vacuum Controls 


United Electric Condensed Catalog 500 
gives prices, specifications and application 
of pressure-vacuum controls; covering 8 
basic types — general purpose, sensitive, 
extremely sensitive, dual switch, differen- 
tial pressure, absolute pressure, explosion 
proof and special purpose. United Elec 


Controls, Watertown, Massachusetts. 


CIRCLE 458 on Inquiry Card 


tric 


Dynamic Shock Testing Device 


New literature describes how four times 
greater thrust forces are now possible in a 
new model of the Hyge Shock 
which accurately simulates shock 
ienced by equipment in actual use. Can 
be applied to shock testing of components 
of aircraft, turbines, missiles, rockets. Con 
solidated Electrodynamics, Pasadena, Cal. 


CIRCLE 459 on Inquiry Card 


Tester, 
expel 


Small Panel Instruments 


GE’s new “big look” in small panel in 
struments, d-c and a-c. Bulletin 
appearance, readability and reliable oper 


stresses 


ation of new design. Instruments fit into 
same usable panel space as ordinary in 
struments. Complete information on rat- 
pricing, size, drilling 


ings, dimensions, 


plans. 
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LEAKPROOF VALVES 





© Hi Vacuum to 6000 PSI. 


© "O" Rings and Teflon, Nylon For- 
mica or Kel-F Seats. 

© Over-torquing cannot damage seat 
or needle as buffer plate and 
metering pin act as a forming die. 


Impossible to score needle or seat. 


Lifetime Valve—can be completely 
overhauled in a matter of minutes 
without disturbing plumbing or 
mounting. 


Write for further details. 





Aviation, Inc. 


2350 E. 38th St., Los Angeles 58, Calif. 
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120 PAGES 
Now, between the covers of one 
book you'll find hundreds of items 
relating to every photographic need 


Recording, Photographing, 
Processing, Storage and Optics. 
Truly a treasure of information 


. . yours Free. Write — Dept. ISA 


BURKE & JAMES. INC 


Chicago 4, thliinois 


321 S /Wabash 
/ 
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A “‘Special’’ chart by 
Technical with unusual 
scale for quality control 
of critical machining 
operations. 


No standard chart would 
do the job...so TECHNICAL 
produced these “‘SPECIALS’’! 








Ask Technical to prepare your charts for instru- 
ments of your own design, or recordings under 
unusual conditions! 


_ The choice of the recording: paper on 
which your charts are printed can help to 
solve a wide range of recording prob- 

_ lems. Technical has special papers for 
direct production of recordings, papers 
with dimensional stability, others that are 
heat or electro sensitive ... and more. 





cm: Cia — 

“Special’’ chart with unu- 
sual grid pattern for quality 
control of gear teeth. 


ame Technical will help you engineer “special” 
; recording charts by consulting with you 
on size, shape, scale and choice of paper 
to give you charts to fit your specifica- 
tions exactly. For some types of charts, 
Technical is the only firm in America 
that has the experience and facilities to 
meet your needs. 


Write for catalog. 














hi ik yang 4 
eabre bee bag 
by i aoegee GET ao 


“Special” chart on trans- 
parentized paper for easy 
reproduction. 








Serving America’s 
“Blue Chip” Industries 


c€CHNI Cae sates souvenation 


16599 Meyers Road Detroit 35, Mich. 





National Representatives for 


STAEBLER & BAKER INC > 
Claytqn, N.Y 


TECHNICAL CHARTS,INC 


Buffalo, N. Y. 
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ACCO 
Helicoid 
Gage 


U.S.A. 






Nothing but the best in gages for working pressures from 30” vacuum to 10,000 p.s.i. 


These details of Helicoid gage design 
assure longer life and enduring accuracy 


Patented in the U.S.A. and in foreign countries 
U. S. Patents: No. 21934, 2294869 

The tension in the stain- 
less steel hair spring 
maintains smooth, con- 
tinuous contact between 
the cam facing and the 
helicoid roller. 


{3 The cam sector is alumi- 
num—to reduce inertia 
to a minimum. 










Standard bushings are 
graphited Bakelite. 


The roller is stainless 
steel! with a highly pol- 
ished helicoid surface. 


The connecting link 
and the screws are 
hardened K M I, 
The roller pivot is ball i one’ 

shaped. and rides on a 
graphited Bakelite disc. 


The polished cam 
facing is graphited 
Bakelite. It will not 
warp or distort. 


The link adjusting screw 
is at the rear to facili- 
tate calibrating the Hel- 
icoid Gage. 


The hairline pointer ad- 
justment screw is stain- 





less steel. 


The superiority of Helicoid Gages is most evident in severe 
service— wherever a gage is subjected to violent pressure pul- 
sations or severe mechanical vibrations. 

The sustained accuracy of Helicoid Gages over millions of 
cycles is explained by the details of design and construction 
of the Helicoid movement shown above. Such Helicoid fea- 
tures—protect against wear and corrosion and assure sensi- 
tivity, sustained accuracy and trouble-free operation. 


The Chemical 

Gage 
The Helicoid Chemi- 
cal Gage has a guar- 
anteed accuracy of 
plus or minus 1%. It 
is applicable for work- 
ing pressures from 30” 
vacuum to 5000 p.s.i. 
and temperatures to 
400° F. It is particularly suitable 
for chemicals and other viscous 
fluids which might clog or corrode a 
Bourdon tube. Pressure and/or 
vacuum is transmitted directly to 
the indicating gage element through 
deflection of a Teflon or Kel F seal- 
ing diaphragm. 











For complete information on 
the Helicoid line of gages write 
for Catalog G-52 





Helicoid gives you all these features at prices that 
are competitive in the quality gage field. 


Helicoid Gage Division 
AMERICAN CHAIN & CABLE 


Tubes built for 
millions of 
pressure 
pulsations 
To fit the wide range of applica- 
tions, Helicoid Bourdon tubes 
are available in four materials 
—alloy steel, K Monel, stainless 
steel and phosphor bronze. 

All Helicoid tubes are made 
from seamless tubing and are 
carefully designed to give maxi- 
mum torque and minimum 
stress. When used within the 
dial range, they will withstand 
many millions of pressure pul- 
sations and will not stretch, 
leak or crack. 








929-C Connecticut Avenue « Bridgeport 2, Connecticut 
For More Data CIRCLE 178 on Inquiry Card 











TACHOMETER CALIBRATOR 





and Electronic Counter 

MODEL ST-901 
Electronically controlled driving 
speed infinitely adjustable from O 
to above 5000 rpm. 
Continuous speed indication within 
1 rpm, plus power line frequency 
error. 
4-digit electronic counter for external 
counting at rates up to 50,000 per 
second. 
External speed pick-up for general 
test use. 
Push-button speed selection for 
rapid production testing. 


@ Priced at $1287.00 








PRODUCTS CO. 


imcoaroeattio 


1086 Goffle Road, Hawthorne 


fice 14736 Arminta St Van Nuys, Cal 


CIRCLE 179 on“Inquiry Card 








Scope - Cart 


— with scope tray, adjust- 
able to 45 and 22 degree angle. 
(Plug-in amplifier cabinet option- 
al) 4-inch all swivel ballbearing 
wheels. Chrome plated frame. 
IN USE AT 
Ramo Wooldridge, Bendix, Litton, Motor- 
ola, Douglas Aircraft, Rocketdyne, Lock- 
heed, Hughes Aircraft, Daystrom, and 
heed, Hughes Aircraft, Daystrom, Sandia, 
Solartron, and many others. 
Ask for Free Folder 
on Instrument Table Carts. 


TECHNIBILT - bd RP ORATION 


Glendale 1, Calif. Dept, PRC. 


* f.0.b. Glendale 
CIRCLE 180 on Inquiry Card 
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b coming events 





*Denotes ISA Sponsored or Participating Meeting 





NOVEMBER 1958 


*Nov. 19-21—llth Annual Confer- 
ence on Electrical Techniques in 
Medicine and Biology, at Pick- 
Nicollet Hotel, Minneapolis, 
Minn., sponsored by ISA, IRE, 
and AIEE in Minneapolis, Min- 
nesota. Contact R. K. Erskine, 
Minneapolis-Honeywell, 2747 4th 
Ave., South Minneapolis, Minn. 

*November 24-25—Fall Meeting of 
The Fluid Controls Institute, 
Hotel Drake, Chicago, Illinois. 
Contact F.C.I. Chairman, John S. 
Leslie, The Leslie Co., Grant 
and Valleybrook Aves., Lynd- 
hurst, N. J. 

*November 28-December 4 — Na- 
tional Physical Laboratory 
Symposium and Electronic Com- 
puter Exhibition, London, Eng- 
land, Dictograph Telephones, 
Ltd., London, England. 


DECEMBER 1958 


Dec. 3-5—Eastern Joint Computer 
Conference, sponsored by IRE, 
AIEE and ACM at the Bellevue 
Stratford Hotel, Philadelphia, 
Pa. Contact AIEE, 33 West 39th 
St., New York 18, N. Y. 

Dec. 4-7—Instrumentation Confer- 
ence, sponsored by IRE in At- 
lanta, Ga. Contact IRE, 1 East 
79th St.. New York 21, N. Y. 

December 9-11—Tenth Annual Con- 
ference, Kansas City Section, 
Institute of Radio Engineers, 
Hotel Muchlebach and Munici- 
pal Auditorium, Kansas City, 
Mo. Contact H. B. Karns, Civil 
Aeronautics Admn., 4825 Troost 
Ave., Kansas City 10, Mo. 

*Dec. 26-31—125th Annual Exposi- 
tion of Science and Industry_at 
Sheraton-Park Hotel, Washing- 
ton, D. C., sponsored by the 
American Association for the 
Advancement of Science. ISA 
presenting a technical session. 
Authors contact O. L. Linebrink, 
Battelle Memorial Institute, 505 
Kings Ave., Columbus, Ohio. 

MARCH 1959 


*March 3-5—Western Joint Compu- 
ter Conference, Fairmont Hotel, 
San Francisco, Calif. Theme, 
“New Horizons with Computer 
Technology.” Contact M. L. 
Lesser, IBM Research Labora- 
tory, San Jose, Calif. 


APRIL 1959 


*April 5-10—Nuclear Congress, in 
Cleveland, Ohio. Contact Dr. S. 
Baron, Burns & Roe, Inc., 160 
W. Broadway, N. Y. 13, N. Y. 

*April 6-7—2nd National ISA Chem- 
ical and Petroleum Instrumenta- 
tion Symposium, in St. Louis, 
Mo., sponsored by ISA Chemical 














and Petroleum Division. Cong 
Director, Technical & Educatig 
al Services, ISA, 313 6th Ay 
Pittsburgh 22, Pa. j 
*April 20-22—Fifth Annual 
eastern ISA Conference 
Exhibit, Gatlinburg, Tenn, 
tact Chairman C. §. Lisser, 
Virginia Rd., Oak Ridge, Teg 


MAY 1959 


*May 4-7 — Fifth National 
Flight Test Instrumentat 
Symposium, Seattle, Wash. 
tact Convention Chairman F, 
Woods, Box 4103, Magnolia § 
tion, Seattle 99, Wash. 

*May 11-13—2nd National ISA F 
er Instrumentation Conf 
in Kansas City, Kansas. Conta 
H. H. Johnson, Consolidat 
Edison Co. of New York, Rog 
1515-S, 4 Irving Place, 
York 3, N. Y. 


*May 18-20—Fifth National [I 
Symposium on Instrument 
Methods of Analysis, at 
Shamrock-Hilton Hotel, Hoy 
ton, Texas. Contact, Direct 
Technical & Educational Se 
Ave., Pittsburgh 22, Pa. 

* May 25-27—Eighth Annual Nat 
al Telemetering Confereng 
Cosmopolitan Hotel, Der 
Colorado. Cosponsored by Al 
IAS’, ARS and ISA. Theme 
1959, “The Investigation 
Space.” Authors submit titles 
Jan. 15, abstracts by Feb. 15 
Allan P. Gruer, Program Ch 
man, Sandia Corp., P. O. E 
5800, Albuquerque, N. M. 


JUNE 1959 


*June 10-12 — Second ISA Inter 
tional Gas Chromatog 
Symposium, Michigan 
University, East Lansing, Mi 
Contact Director of Techr 
and Educational Services, IS! 
313 6th Ave., Pittsburgh 22, 


*June 17-19—2nd National ISA 
clear Instrumentation Symp 
um, in Idaho Falls, Idaho. 
tact, Director, Technical and 
ucational Services, ISA, 
Sixth Ave., Pittsburgh 22, 

September 21-25—l4th Annual I 
Instrument Automation ( 
ence-Exhibit, International 
phitheater, Chicago, Illinois. 
exhibit information cont 
Fred J. Tabery, Exhibit in 
ger, Instrument Society 
America, 3443 South Hill & 
Los Angeles, Calif. For all of 
information contact Wm. 
Kushnick, Executive Di 
Instrument Society of Ame 
313 6th Ave., Pittsburgh 22, F 
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